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PREFACE TO THE 
eee THIRD EDITION 





The continued worldwide acceptance of The Developing Human, as 
indicated by its many reprintings and foreign translations, is most gratifying. 
This acceptance has provided the encouragement to prepare a better text- 
book by restructuring it and adding new material and illustrations in this 
third edition. 

| Knowledge. of embryology has expanded considerably since the second 

' edition was published. The extreme vulnerability of the embryo to certain 
drugs and other agents and the practice of in vitro fertilization provide 
strong stimuli to embryologists studying early stages of human develop- 
ment. I have attempted to bring the book abreast of current literature, but I 
have adhered to my original aim of writing a book for undergraduate students 
and not a reference work for specialists. 

To incorporate new information, all sections have been reviewed. In 
some chapters there have been extensive modifications, but in others rela- 
tively few changes were necessary. All this has entailed little increase in the 
number of pages because judicious pruning has been done. To improve 
readability and obviate possible ambiguity, many sentences and paragraphs 
have been rewritten. Throughout the book, the importance of embryology 
to the clinician is emphasized; this orientation is very likely to appeal to 
any person concerned with human development. 

To reinforce the information given in the text, several clinically oriented 
problems have been added at the end of each chapter. The problems and 
the answers to them, given at the back of the book, illustrate the kinds of 
practical considerations every physician may be required to address. Care 
has been taken to keep the problems simple and the comments at a level 
that is suitable to beginning medical students without much clinical ex- 
perience. To emphasize the clinical significance of embryology further, 
description and discussion of congenital malformations follow discussion 
of the normal development of each organ instead of appearing at the end of 
the chapter as in previous editions. 

New illustrations have been added in this edition, and a number of 
figures have been redrawn or modified in light of teaching experience. Color 
has also been added to several more drawings to facilitate understanding. 
1 owe thanks to Dorothy Irwin for this work, but 1 should again like to ex- 
press my appreciation to Glen Reid, who is primarily responsible for the 
illustrations in this book. 

Italics have been used more freely than in the past editions to indicate 
important terms; officially recognized synonyms or alternatives appear in 
parentheses, ¢.g., syncytiotrophoblast (syntrophoblast). Italics have also 
been used to emphasize important terms, concepts, and statements. 





PREFACE TO THE THIRD EDITION 


The Nomina Embryologica, approved by the Tenth International 
Congress of Anatomists in Tokyo, 1975, has been followed, and. in accoréd- 
ance with international agreement, the terminology is anglicized, departing 
from strict Latin in most cases. There is also some use of eponyms (evs 
Meckel’s diverticulum and Down syndrome); students will need to know 


such terms because they are used in specialty texts and by clinical teachers. | 


While working on this edition, I have had the benefit of receiving helpful 
criticisms from students in many parts of North America and suggestions 
from a number of embryologists who have kindly written me or sent re- 
prints of their publications. To all these people | express my most sincere 
thanks. Several colleagues have been very helpful with this edition: Dr. 
J. W. A. Duckworth, Dr. D. L. McRae, and Dr, I. M. Taylor. Dr. T. V.N. 
Persaud, Professor and Head of Anatomy at the University of Manitoba 
in Winnipeg, Dr. Douglas E. Kelly, Professor and Head of Anatomy, 
University of Southern California, and Dr. Kunwar Bhatnagar, Associate 
Professor of Anatomy at the University of Louisville, have also made good 
suggestions for improving the book. Mrs. Jill Weinheimer and my wife, 
Marion, have carefully and cheerfully typed corrections and additions to 
the text. Roberta Kangilaski, Albert Meier, and Walter Bailey of the 
W. B. Saunders Company have given me much help with this edition, To 
all these people, | express my sincere appreciation. 


KEItH L. MOORE 
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FROM THE PREFACE TO 





This book began as a set of illustrated notes for a core course in medical 
embryology that was intended to give students a base from which to develop. 
The purpose of this book is to present a synopsis of human development 
and related information. Although each chapter gives a relatively concise 
account of developmental processes, it is followed by numerous references 
for students wishing further information. Each chapter, except the first, is 
followed by a summary of the main events. An attempt has been made to 
‘bridge the gap” between embryology and adult anatomy, histology, pa- 
thology. obstetrics, pediatrics, and surgery. Congenital maiformations of 
each system are described. with emphasis on the common ones, and an 
entire chapter has been devoted to a discussion of the causes of congenital 
malformations. 

The book is freely illustrated because much of the difficulty encountered 
by students beginning to study embryology results from their inability to 
visualize developmental processes and time sequences. Most illustrations 
are diagrammatic, some in color, and show progressive stages of develop- 
ment, conveying ideas and processes as blackboard sketches do during 
lectures, Numerous photographs are also inchided, similar to those used in 
case presentations at clinical seminars. 

Text material has been used mainly for the following purposes: (a) to 
emphasize important points, (b) to discuss opposing views, and (c) to sum- 
marize concepts and processes. Basic, or core, material is set in regular 
type, whereas less important information is shown in small type or added 
as footnotes. 

While writing this book, | have attempted to keep in mind what the 
naturalist John Ray said in the seventeenth century: “He that useth many 
words for the explaining of any subject, doth like the cuttle-fish hide him- 
self...in his own ink’; and the often-quoted Chinese proverb, “A little 
picture is worth a millon words.” 


a EE 
= 


Vil 


PRR te GS Niet Sti on 








PUBLISHER’S NOTE 


The interest of Dar Al-Qiblah for Islamic Literature in the publication of Keith 
L. Moore’s reputed textbook The Developing Human with Abdul-Majeed A. Azzin- 
dani’s Islamic Additions needs some explanation. 


Moore’s popular textbook is written primarily for the students of medecine, spe- 
cializing in clinically oriented embryology. Mr. Azzindani, a reputed scholar of Islam, 
has been interested in the same phenomen on but from the perespective of the 
teachings of the Qur’an and Hadith. | 


While the knowledge contained in the Qur’an and Hadith is fourteen hundred 
years old, the science of embryology is fairly recent. Mr. Azzindant's deep interest in 
the Quranic view enabled him to seek the collaboration of many scientists and scho- 
lars to understand the most recent facts about embryology and compare them with the 
teachings of the Qur’an and Hadith on this subject. Mr. Azzindani fortunately found 
in Mr. Moore a true scientist, with a quest for truth, who for three years collaborated 
with the Embryology Committee of King Abdul-Aziz University in Saudi Arabia for a 
comparative study of this phenomenon. This collaboration among the scholars in the 
field of religion and science, with a genuine interest and spirit in research and verifica- 
tion of truth, produced this unique document. The volume conclusively shows that the 
information contained in the Qur’an and Sunnah is not only consistent with modern 
scientific discoveries in the field of embryology but also it is fore-runner by some 
fourteen hundred years. 


Inspite of the recent developments in communication and growth of East-West 
interaction, Islam is still, unfortunately, a misunderstood religion in the West, and its 


Divinely revealed Book the Qur’an is little known. Therefore, for the Western reader 
of this volume it must be clarified that for the Muslims the Qur’an is Allah’s 
final message to mankind. It is a verbatum record of the Divine revelation 
to Muhammad (Peace Be Upon Him), the "Seal of the Prophets’. Muhammad 
(PBUH), contrary to the Western opinion, is not the author of the Qur’an 
but is faithful transmitter. His own savings are distinct from the Qura’n. 
They were collected, critically edited and compiled in various volumes by 
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Muslim scholars (Muhaddithun), the specialists in the Hadith, the science of tradition. 
While the Hadith hterature owes its authenticity to the critical methodology of its 
pious compilers, the Qur’an is safeguarded forever by Allah Himself. The divine 
claim of its authenticity, “We reveal this reminder (the Qur’an) and lo! We verily are 
its Guardians” (Chapter 15, verse 9), is sustained by the fact that the text of the 
Qur’an is the only religious document which has not undergone even the slightest 
change during these fourteen hundred years. 


The Qur’an’s own approach to inquiry and search for the truth is refreshingly 
scientific. It exhorts mankind to give up blind faith in tradition and see, think and 
analyse the phenomena in human personality, cosmic order and events of world his- 
tory to recognize the Power and Majesty of God. To the Muslims, it comes as no 
surprise that the statements of the Qur’an regarding cosmic phenomena. hardly 
understood in the past, are verified by modern discoveries. 


Let me here make one point clear. The Qur’an is not, inspite of its description 
and verification of modern scientific data, a treatise on science but par excellance "a 
Book of Guidance” (Chapter 2, verse 2). Being the world of the Creator of nature and 
with its own claim, “It 1s that Book in which there is no doubt” (Chapter 2, verse 2), it 
must verify what science establishes through observation, inquiry and experiment. 
This volume proves that point beyond the shadow of doubt in one scientific area, 
namely, embryology. 


We hope that this work will initiate similar scientific inquiries in the ideas of the 
Qur’an and the study of the Qur’an will inspire Muslim scientists to discover for 
themselves the truth and mystery of the creation of Allah. 
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: FOREWORD 


It has been a real pleasure for me to assist Sheikh 
Abdulmajeed Azzindani with the preparation of this Islamic 
. Edition of my textbook of embryology. The text is the same 
: as the original, except that numerous references to 
statements in the Qur’an and Sunnah about human 
embryology have been added. 


¥ For the past three years, I have worked with the 
ee) Embryology Committee of King Abdulaziz University in 
_ Jeddah, Saudi Arabia, helping them to interpret the many 
Ly statements in the Qur’an and Sunnah referring to human 
reproduction and prenatal development. At first I was 
A astonished by the accuracy of the statements that were 


Re recorded in the 7th century AD, before the science of 
embryology was established. Although I was aware of the 
glorious history of Muslim scientists in the 10th century AD, 
and of some of their contributions to Medicine, I knew 
g nothing about the religious facts and beliefs contained in the 
Qur’an and Sunnah. 
It is important for Islamic and other students to 
a understand the meaning of these Qur’anic statements about 
4 human development, based on current scientific 
| knowledge. The interpretations of the “verses” in the 
Qur’an and Sunnah, translated by Sheikh Azzindani, are to 
the best of my knowledge accurate. I wish the Embryology 
Committee and the textbook every success. 








i Toronto, Canada Keith L. Moore 
: September, 1983 
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In the Name of Allah, Most Gracious, 
Most Merciful. Praise be to Allah, 
the Lord of the Worlds and 
blessings be upon all His Prophets 
and upon the last of Prophets and 
Messengers, Mohammad, and upon 
his family and his company and 
those who followed them with diligence 
up to the Day of Judgement. 
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INTRODUCTION 


Terms and Concepts 


Interest in developing humans is wide- 
spread largely because of curiosity about the 
subject and a desire to improve the quality of 
human life. The processes by which a child 
develops from a single cell are miraculous, 
and there is no more exciting event than that 
of a human birth. The adaptation of the 
newborn infant to its new life is also exhil- 
arating to witness. We can readily observe 
and fully enjoy the process of human devel- 
opment during this period of life. 

Human development fs a continuous 
process that begins when an ovum from a 
female is fertilized by a sperm from a male. 
Growth and differentiation transform the zy- 
gote, a single cell formed by the union of the 
ovum and the sperm, into a multicellular 
adult human being. Most developmental 
changes occur during the embryonic and the 
fetal periods, but important changes also 
occur during the other periods of develop- 
ment: childhood, adolescence, and adult- 
hood. 


DEVELOPMENTAL PERIODS 


Although it is customary to divide devel- 
opment into prenatal and postnatal periods, 
it is important to realize that birth is merely a 
dramatic event during development resulting 
in a distinct change in environment. Devel- 
opment does not stop at birth; important 
developmental changes, in addition to 
growth, occur after birth, e.g., development 
of the teeth and the female breasts. The brain 
triples in weight between birth and 16 years. 
Most developmental changes are completed 
by the age of 25. 


PRENATAL PERIOD 


The important changes occurring before 
birth are illustrated in the Timetables of 
Human Prenatal Development (Figs. tl 
‘and 1-2), which are mainly based on studies 


by Streeter (1942), O’Rahilly (1973), and 
Gasser (1975). Note that the most striking 
advances in development occur during the 
first eight weeks, in which the embryonic 
period is included. The following terms are 
commonly used in discussions of the prena- 
tal period. 

Abortion (L. aborto, to miscarry), This 
term refers to the birth of an embryo or a 
fetus before it is viable (mature enough to 
survive outside the uterus). All terminations 
of pregnancy that occur before 20 weeks are 
called abortions. About 15 per cent of all 
recognized pregnancies end in spontaneous 
abortions (ones that occur naturally), usu- 
ally during the first 12 weeks. Legal induced 
abortions are brought on purposefully, usu- 
ally by suction curettage (evacuation of the 
embryo and its membranes from the uterus). 
Therapeutic abortions are induced because 
of the mother’s poor health, or to prevent 
the birth of a severely malformed child. 

Abortus. This term describes any prod- 
uct or all products of an abortion. An 
embryo or a nonviable fetus and its mem- 
branes weighing less than 500 gm is called 
an abortus. 

Oocyte. This term refers to the imma- 
ture ovum, or female germ cell. When ma- 
ture, the female germ cell is called an ovum 
(L., egg). A secondary oocyte finishes its 
second meiotic division and becomes a ma- 
ture ovum, immediately after entry of the 
sperm during fertilization (see Fig. 2-2). 

Zygote. This cell results from fertiliza- 
tion of an oocyte, or ovum, by a sperm, or 
spermatozoon, and is the beginning of a 
human being. The expression *‘fertilized 
ovum’’ refers to the zygote. 

Cleavage. This term refers to mitotic 
division of the zygote, which results in the 
formation of daughter cells called Dlasto- 
meres. At each succeeding division, the blas- 
tomeres become smaller and smaller. 

Text continued on page 6 
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6 INFRODUCTION 


Morula. When I2 to 16 blastomeres have 
formed by division of the zygote, the solid 
ball of cells is called a morula. It was so 
named because it resembles the fruit of a 
mulberry tree (the Latin word morus means 
mulberry). The morula stage occurs about 
three days after fertilization. Its centrally 
located cells, called the faner cell mass, will 
form the embryo. 

Blastocyst. After the morula enters 
the uterus, a cavity develops inside it and 
fills with fluid: this converts the morula into a 
blastocyst. 

Gastrula. During — gastrulation, — the 
period during which the trilaminar embryon- 
ic disc forms (see Fig, 4-2), the embryo is 
sometimes called a gastrula. 

Neurula. During neurulation, the period 
during which the neural plate forms and 
closes to form the neural tube, the embryo is 
sometimes called a neurula. 

Embryo. This term refers to the develop- 
ing human during the early stages of develop- 
ment, The term is usually not used until the 
second week, after the embryonic disc forms 
(see Fig, 3-1). The embryonic period extends 
until the end of the eighth week, by which 
time the beginnings of all major structures 
are present. 

Fetus. After the embryonic period, the 
developing human is called a fetus. During 
the fetal period (ninth week to birth), many 
systems develop further. Though develop- 
mental changes are not so dramatic as those 
oceurring during the embryonic period, they 
are very important. The rate of body growth 
is remarkable, especially during the third and 
the fourth months, and weight gain is phe- 
nomenal during the terminal months. 

Conceptus. This term refers to the em- 
bryo (or fetus) and its membranes, i.e., the 
products of conception. It includes all struc- 
tures that develop from the zygote, both 
embryonic and extraembryonic. Hence it 
includes not only the embryo or the fetus, 
but also the placenta and the embryonic, or 
fetal, membranes. 

Primordium (L. primus, first + ordior, to 
begin). This term refers to the first trace or 
indication of an organ or structure, i.e., its 
earliest stage of development. The term 
anlage has a similar meaning. 

Miscarriage. This word is used collo- 
quially to refer to any interruption of preg- 
nancy that occurs before term. In medical 
description, it is most accurate to use the 
term spontaneous abortion for the birth of 


an embryo or a fetus prior to about 20 
weeks; thereafter the event is called a pre- 
mature Dirtht, 

Trimester. Obstetricians commonly di- 
vide the nine calendar months, or period of 
gestation (stages of intrauterine develop- 
ment), tnto three 3-month periods called rri- 
Mesters. 


POSTNATAL PERIOD 


Changes occurring after birth are more or 
less familiar to most people. Explanations of 
frequently used terms follow. 

Infancy. This refers to the first year or 
so after birth, the first two weeks of which 
are designated as the newborn (or neonatal) 
period, Transition from tmtrauterine to extra- 
uterine existence requires gradual changes, 
especially in the cardiovascular and respira- 
tory systems. If an infant survives the first 
crucial moments after birth, his or her 
chances of living are usually good (90 per 
cent of neonates do well). 

The body as a whole grows particularly 
rapidly during infancy; total length increases 
by about one half, and weight is usually tre- 
bled. 

Childhood, This is the period from 
about 15 months until 12 to 13 years. The 
primary (deciduous) teeth appear and are 
later replaced by the secondary (permanent) 
teeth. During early childhood there is active 
ossification, but as the child becomes older, 
the rate of growth slows down. Just before 
puberty it accelerates; this is known as the 
prepubertal growth spurt, 

Puberty. This is the period between the 
ages of 12 and 15 years in girls and between 
13 and 16 years in boys during which the 
secondary sexual characteristics develop. 
The legal ages of presumptive puberty are 
12 years in girls and 14 years in boys. 

Adolescence. This is the period of three 
to four years after puberty, extending from 
the earliest signs of sexual maturity until tbe 
attainment of physical, mental, and emotion- 
al maturity. The general growth rate deceler- 
ates, but growth of some structures acceler- 
ates (e.g., the female breasts). 

Adulthood. Ossification and growth are 
virtually completed during early adulthood, 
18 to 25 years. Thereafter, developmental 
changes occur very slowly, usually resulting 
in selective loss of highly specialized cells 
and tissues, 








SIGNIFICANCE OF EMBRYOLOGY 4 


SCOPE OF EMBRYOLOGY 


The term embryology can be misleading; 
literally, it means the study of an embryo 
(second to eighth week, inclustve). Howev- 
er, embryology refers to the study of both 
the embryo and the fetus, that is, the study of 
prenatal development. 

The term developmental anatomy refers to 
both prenatal and postnatal periods of devel- 
opment. There are no essential differences 
between these two stages of development. 
Prenatal development is more rapid and re- 
sults in more striking changes, but the de- 
velopmental mechanisms of the two periods 
are very similar. 

The term ontogeny describes the series of 
successive stages of development that occur 
during the complete life period of a person. 

The study of abnormal development (con- 
genital malformations) is called dysmorphol- 
ogy or teratology. This branch of embryol- 
ogy is concerned with the various genetic 
and environmental factors that disturb nor- 
mal development (see Chapter 8). 


SIGNIFICANCE OF EMBRYOLOGY 


The study of human embryology is impor- 
tant because it develops knowledge concern- 
ing the beginnings of human life and the 
changes occurring during development. 
Knowledge of the developing human is of 
practical value in helping us to understand 
the normal relationships of body structures 
and the causes of congenital malformations. 

Prior to 1940, little was known about the 
causes of human congenital malformations. 
Now it is realized that many malformed 
infants have chromosomal abnormalities 
(e.g., those with Down syndrome, Fig. 8-4), 
and that the embryo is extremely vulnerable 
during the first eight weeks to large amounts 
of radiation, viruses, and certain drugs (e.g., 
thalidomide). Knowledge that physicians, 
especially obstetricians, have of normal de- 
velopment and of the causes of congenital 
malformations is necessary for giving the 
embryo the greatest possible chance of de- 
veloping normally. 

Much of the modern practice of obstetrics 
involves what might be called ‘‘applied de- 
velopmental biology.’? Embryological topics 
of special interest to obstetricians are ovula- 
tion, oocyte and sperm transport, fertiliza- 
tion, implantation, fetal-maternal relations, 
fetal circulation, critical periods of develop- 
ment, and causes of congenital malforma- 


tions. In addition to caring for the mother, 
obstetricians must guard the health of the 
embryo during its critical period of develop- 
meni. 

The significance of embryology is readily 
apparent to pediatricians because many of 
their patients have disorders resulting from 
maldevelopment, e.g., diaphragmatic hernia, 
spina bifida, and congenital heart disease. 
Developinental abnormalities are among the 
ten leading causes of death in infancy. 
Knowledge of the development of structure 
and function is essential to understanding the 
physiological changes that occur during the 
newborn period and for helping babies in 
distress. 

Progress in surgery, especially in the pedi- 
atric age group, has made knowledge of 
human development more clinically signifi- 
cant. The understanding and correction of 
most congenital malformations (e.g., cleft 
palate and cardiac defects) depend upon 
knowledge of normal development and of the 
deviations that have occurred. An under- 
Standing of common congenital malforma- 
tions and their causes also enables physi- 
clans, dentists, and others to explain the 
developmental basis of abnormalities, often 
dispelling parental guilt feelings. 

Physicians who are aware of common ab- 
normalities and their embryological basis ap- 
proach unusual situations with confidence 
rather than surprise. For example, when it 1s 
realized that the renal artery represents only 
one of several vessels originally supplying 
the kidney during development, the frequent 
variations in number and arrangement of 
renal vessels are understandable and not 
unexpected. Many anatomical relationships, 
such as those of the lesser sac of peritoneum, 
the course of the left recurrent laryngeal 
nerve, and the innervation of the diaphragm, 
make more sense when developmental 
events are understood. When one knows the 
‘raison d’étre’’ for such relationships and 
arrangements, their complexity also be- 
comes more Impressive. 

The achievements of experimental em- 
bryologists are of fundamental significance 
to the science of pathology. In the healing of 
wounds, tissues are restored to normal by 
processes that characterize embryonic dif- 
ferentiation. Because of the apparent sim- 
plicity of cell relations during early stages of 
development, pathologists often turn to em- 
bryology when developing a basis of classifi- 
cation of new growths (tumors). 
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HISTORICAL GLEANINGS 


If | have seen further, it is by standing on the shoulders 
of giants. 
— Sir fsaac Newtor 

English mathematician, 1643-1727 


This statement, made about 300 years ago, 
emphasizes that each new study of a problem 
rests on a base of knowledge established by 
earlier investigators. The theories of every age 
offer explanations based on the knowledge and 
the experience of the investigators of the penod, 
although we should not consider them final, we 
should appreciate, rather than scorn, these ideas. 
People have always been interested in knowing 
how they originated, how they were bom, and 
why some people develop abnormally. Ancient 
people, filled with curiosity, developed many 
answers to these questions. 


THE GREEKS 


Although some of their ideas were later shown 
to be incorrect, the Greeks made important con- 
tributions to the science of embryology. The first 
recorded embryological studies are m the books 
of Hippocrates (Fig. 1-3), the famous Greek phy- 
sician of the fifth century B.c. He wrote, 


Take twenty or more eggs and let them be 
incubated by two or more hens. Then each 
day from the second to that of hatching, 
remove an egg, break it, and examine it. You 
will find exactly as I say, for the nature of the 
bird can be likened to that of man. 


In the fourth century B.c., Aristotle wrote the 
first known treatise on embryology, in which he 
described development of the chick and other 
embryos. Many embryologists regard Aristotle as 
‘‘The Founder of Embryology,’’ despite the fact 
that he promoted the idea that the embryo devel- 





Figure 1-3 Copy of a drawing of Hippocrates, 
the "Father of Medicine’ (460-377 s.c.}. He placed 
medicine on a scientific foundation. 


Us 
4) 


i 





pas SLR rH 
*: ee 
= i — 
: wf WRAL 
ay te 
ENS 
ature 
f 
Ape 






Sa 
© 
43 
St 


es 
+ 


Le : eked 
= 


SS 
wae: 


Nees 

ay 

ei 
E 


— : 
‘a 

rau Y * 
.. 






{=% 
WA 
. 
a 


Van 
Jf, 
EAN 
—s «! sah 
Ay 
RAR TANSS 
A 
geo Re 






—. 
—— 
ea a 
7 
——, ad % 













——— 


am 





. y G 
G C= aft 3 ; 
NUE = 
, APbeS Cr, .. - : 
Se te RO fis: 
a." RAN eS ey wiley, ine iat Se 
o "i Sy \, % sib x ‘ i 4) _ - v af, 
Cat. <p Sa tbelt 4 ‘ , , 
53 ah WN SN tite Settee LL ne one 
Testp et » SG Ss en Et yl oe 
ee we) =) alg ee ee Sm ap me — a “ane ft a 
: se a TEARS ae 
Ly PSS ge eae Te 
heat fii. ae i 


A 








Cheat 


= 


CGS 
S&S 
OA 
X 


Figure 1~4 Reproduction of Leonardo da Vinci's 
drawing showing a fetus in an opened uterus. 


oped from a formless mass that resulted from the 
union of semen with menstrual blood. 

Galen (second century A.D.) wrote a book 
entitled On the Formation of the Foetus, in which 
he described the development and nutrition of 
fetuses and the structures we now call the allan- 
fois, the amnion, and the placenta, 


THE MIDDLE AGES 


Growth of science was slow during the medie- 
val period, and few high points of embryological 
investigation tindertaken during this age are 
known to us, 

It is cited in the Koran, The Holy Book of the 
Mustims, that human beings are produced from a 
mixture of secretions from the male and the fe- 
male, Several references are made to the creation 
of a human being from a sperm drop, and it 1s 
also suggested that the resulting organism settles 
in the woman like a seed, six days after its 
beginning. (The human blastocyst begins to 1m- 
plant about six days after fertilization.) The 
Koran also states that the sperm drop develops 
“into a clot of congealed blood.” (An implanted 
blastocyst or a spontaneously aborted conceptus 
would resemble a blood clot.) Reference is also 
made to the leech-like appearance of the embryo, 
(The embryo shown in Fig. 5-3A is not unlike a 
leech, or bloodsucker, in appearance.) The em- 
bryo is also said to resemble ‘‘a chewed piece of 
substance” like gum or wood, (The somites 
shown in Figure 5-10 somewhat resemble the 
teethmarks in a chewed substance. ) 











HISTORICAL GLEANINGS 


The developing embryo was considered to be- 
come human at 40 to 42 days and to no longer 
resemble an animal embryo at this stage. (The 
human embryo begins to acquire human char- 
acteristics at this stage, as shown in Figure 
5-14C.) The Koran also states that the embryo 
develops within “three veils of darkness.”’ This 
probably refers to (1) the maternal anterior abdo- 
minal wall, (2) the uterine wall, and (3) the amnio- 
chorionic membrane. Space does not permit 
discussion of several other interesting refer- 
ences to human prenatal development that ap- 
pear in the Koran. 


THE RENAISSANCE 


During the fifteenth century, Leonardo da Vinci 
made accurate drawings of dissections of the 
pregnant uterus and assoctated fetal membranes 
(Fig. 1-4) and introduced the quantitative ap- 
proach by making measurements of embryonic 
growth. 


THE MICROSCOPE 


In 1651, Harvey studied chick embryos with 
simple lenses and made new observations, espe- 





A 


Figure 1-5 A, Photograph of a 7673 Leeu- 
wenhoek microscope. 8, Drawing of a lateral view 
illustrating its use. The object was held tn front of 
the lens on the point of the short rod, and the screw 
arrangement was used to adjust the object under 
the lens. 





Figure 1-6 Copy of a seventeenth century draw- 
ing by Hartsoeker of a sperm. The miniature human 
being within it was thought to enlarge after the 
sperm entered an ovum. 


cially on the circulation of blood. He also studied 
development of the fallow deer, but, when unable 
to observe early stages, concluded that the em- 
bryos were ‘‘secreted by the uterus.”’ 

Early micrascopes were simple (Fig. 1-5), but 
they opened a new field of observation. In 1672 
de Graaf observed little chambers in the rabbit’s 
uterus and concluded that they could not have 
been secreted by the uterus, but must have come 
from the organs that he called ovaries. Undoubt- 
edly, these little chambers were what we now call 
blastocysts. He described vesicular ovarian folli- 
cles, which are still sometimes called graafian 
follicles in his honor. 

Malpighi, in 1675, studying what he believed 
were unfertilized hen’s eggs, observed early em- 
bryos. As a result, he thought the egg contained a 
miniature chick. In 1677 Hamm and Leeuwen- 
hoek, using an improved microscope, first ob- 
served human spermatozoa, but they misunder- 
stood the sperm’s role in fertilization: They 
thought it contained a miniature human being 
(Fig. 1-6). 

Wolff, mn 1759, refuted both versions of the 
preformation theory after observing parts of the 
embryo develop from ‘“‘globules’’ (probably blas- 
tocysts). He examined unincubated eggs and 
could not see the embryos described by Malpighi. 
He proposed the layer concept, whereby: division 
of the zygote produces layers of cells from which 
the embryo develops. His ideas formed the basis 
of the theory of epigenesis, which states that 
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development results from growth and differentia- 
tion of specialized cells. 

The preformation controversy finally ended 
around 1775, when Spallanzani showed that both 
the ovum and the sperm were necessary for 
development of a new individual. From his ex- 
periments, including artifical msemination in 
dogs, he concluded that the sperm was the fertiliz- 
ing agent. 

In 1818, Saint Hilaire and his son made the first 
significant studies of congenital malformations. 
They did experiments in animals that were de- 
signed to produce developmental abnormalities, 
initiating what is now known as the sctence of 
teratology. 

In 1827, about 150 years after the discovery of 
the sperm, von Baer described the oocyte in the 
ovarian follicle of a dog. He also observed divid- 
ing zygotes in the uterine tube and blastocysts in 
the uterus, and contributed much knowledge 
about the origin of tissues and organs from the 
layers described by Malpighi. His significant and 
far-reaching contributions resulted in his later 
being regarded as ““The Father of Modern Em- 
bryology.”” 


THE CELL THEORY 


Great advances were made tn embryology when 
the cell theory, stating that the body was com- 
posed of cells and cell products, was established 
in 1839 by Schleiden and Schwann. This concept 
soon led to the realization that the embryo devel- 
oped from a single cell, the zygore. 


THE CHROMOSOMES 


In 1859, Charfes Darwin published On the Ori- 
gin of Species, in which he emphasized the hered- 
itary nature of variability among members of a 
Species as an important factor in evolution. 

The principles of heredity were developed in 
1865 by an Austrian monk named Gregor Mendel, 
but medical scientists and biologists did not un- 
derstand the significance of these principles in the 
study of mammalian development for many 
years. 

Flemming observed chromosomes in 1878 and 
suggested their probable role in fertilization. In 
1883, von Beneden observed that mature germ 
cells have a reduced number of chromosomes. He 
also described some features of meiosis, the proc- 
ess whereby the chromosome number is reduced. 
In 1902 Sutton and Boveri declared independently 
that the behavior of the chromosomes during 
germ cell formation and fertilization agreed with 
Mendel’s principles of inheritance. In the same 
year, Garrod reported alcaptonuna as the first 
example of mendelian inheritance in human 
beings. Many consider him the *‘Father of Medi- 
cal Genetics.” 


The first significant observations on /uman 
chromosonies Were made in 1912, when vou Win- 
hvarter reported that there were 47 chromosomes 
in the cells of the body. In 1923, Painter conclud- 
ed that 48 was the correct number; this conciu- 
sion was widely accepted until 1956. when Tyie 
and Levan reported finding only 46 chromosomes 
in embryonic cells. Their descriptions and pho- 
tomicrographs were so superior to those of previ- 
ous workers that few cytologists doubted the 
accuracy of their counts. 

Once the normal chromosomal pattern was 
firmly established, it soon became evident that 
some persons with congenital abnormalities had 
an abnormal number of chromosomes. A new era 
in medical genetics resulted from the demonstra- 
tion by Lejeune et al, in 1959 that infants with 
mongolism (now called Down syndrome) have 47 
chromosomes instead of the usual 46 in their body 
cells. It is now known that chromosomal aberra- 
tions are a significant cause of congenital malfor- 
mations and embryonic death. About 8 per cent of 
all conceptuses are known to be chromosomally 
abnormal. 


DESCRIPTIVE TERMS 


In descriptive anatomy and embryology, 
several terms relating to position and direc- 
tion are used, and various planes of the body 
are referred to in sections. Before reading 
this book, it would be helpful to become 
familiar with the language of anatomy, which 
forms the basis of medical language. 

All descriptions of the adult are based on 
the assumption that the body is erect, with 
the upper limbs by the sides and the palms 
directed anteriorly (Fig. 1-7A). This is called 
the anatomical position. The terms anterior, 
or ventral, and posterior, or dorsal, are used 
to describe the front or back of the body or 
limbs, and the relations of structures within 
the body to one another, For embryos, the 
terms dorsal and ventral are commonly used 
(Fig. 1-7 B). 

Superior and inferior are used to indicate 
the relative levels of different structures 
(Fig. i-7A). For embryos, the terms cranial 
(cephalic) and caudal are commonly used to 
denote relationships to the head and tail 
ends, respectively (Fig. 1~-7B). When the 
suffix -ad is affixed to either of these terms, it 
implies movement toward the region con- 
cerned, e.g., craniad (cephalad) means to- 
ward the head, and caudad refers to move- 
ment toward the tail region. 

The term rostrai is used to indicate the 
relationships of structures to the nose (Fig. 
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Figure 1-7 Drawing illustrating descriptive terms of position, direction, and planes of the body. A, Lateral 
view of an adult in the anatomical position. B, Lateral view of a five-week embryo. C and D, Ventral views of six- 
week embryos. £, Lateral view of a seven-week embryo. 
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i~7E}. Distances from the source of attach- 
ment of a structure are designated as prox- 
imal or distal; e.g., in the lower limb the 
knee is proximal to the ankle and the ankle is 
distal to the knee. Again, the suffix -ad 
implies movement toward a region, e.g., a 
nerve is traced distad, or distally, toward its 
ending. 

The median plane is a vertical plane pass- 
ing through the center of the body. Median 
sections divide the body into right and left 
halves (Fig. i-7C). The terms lateral and 
medial refer to structures that are respec- 
tively farther from or nearer to the median 
plane of the body. A sagittal plane is any 
verticai plane passing through the body par- 
allel to the median plane (Fig. 1-7 C),. 

A transverse (horizontal) plane refers to 
any plane that is at right angles to both the 
median and the frontal planes. A frontal 
(coronal) plane is any vertical plane that 
intersects the median plane at a right angle; it 
divides the body into front (anterior or ven- 
tral) and back (posterior or dorsal) parts. 

Various terms are used to describe sec- 
tions of embryos made through the afore- 
mentioned planes. A median (midsagitial) 
section iS one cut through the median plane. 
Longitudinal sections parallel to the median 
plane, but not through it, are called sagittal 
sections. A vertical section through the fron- 


tal (coronal) plane is known as a frontal 
(coronal) section. Sections through the 
transverse plane are called transverse (hori- 
zontal) sections, or simply cross sections 
(Fig. 1-7D). Oblique sections are neither 
perpendicular nor horizontal, but are slanted 
or inclined. . 


SUGGESTIONS FOR ADDITIONAL 
READING 


Persons wishing further information on introductory 
concepts and the history of embryology should con- 
sult the following books and some of the other refer- 
ences fisted at the end of this chapter. 

Arey, L. B.: Developmental Anatomy: A Textbook and 
Laboratory Manual of Embryology, Revised 7th ed. 
Philadelphia, W. B. Saunders Co., 1974, pp. 1-6. This 
classic text gives interesting accounts of the nature 
and scope of embryology, the historical backgr@und, 
and the roles of heredity and environment in develop- 
ment, 

Balinsky, B. L.: Aa Introduction To Embryology. 4th ed. 
Philadelphia, W. B. Saunders Co., 1975, pp, 3-15. An 
excellent introductory text with a good balance 
between classic descriptive and experimental em- 
bryology. As it is oriented to undergraduate biolo- 
gy students, it should be very helpful to beginning 
medical and dental] students. 

Hamilton, W. J., and Mossman, H. W.: Human Em- 
bryology~—-Prenatal Development of Form and 
Function, 4th ed, Baltimore, The Williams & Wilkins 
Co., 1972, pp. t+12. Many people consider this to 
be the finest textbook of embryology that has ever 
been written, however, it contains too much informa- 
tion for most beginning students. 


CLINICALLY ORIENTED PROBLEMS 


. When does a new human being begin to develop? | 

. What is a new human organism called at the beginning of its development? 

. Differentiate between the terms conceptus and abortus. 

. What sequence of events occurs during puberty? What are the respective 
ages Of presumptive puberty in males and females? 

. Differentiate between the terms embryology, ontogeny, and teratology. 


The answers to these questions are given at the back of the book. 
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INTRODUCTION 


TO ISLAMIC ADDITIONS 


There are many references in tbe Qur’an 
and the Hadith of Prophet Muhammad (peace 
be upon him) to indicate signs of Allah in his 
creatures. The Qur’an and Hadith on many 
occasions encourage man to examine and 
think deeply about Allah’s creation. Modern 
investigations using modern techniques, in the 
several fields mentioned in the Qur’an and the 
Hadith, have yielded surprisingly similar 
results. In essence there is an agreement 
between explicit statements in Qur'an, the 
Hadith revealed 1400 years ago, and present 
day facts which have been proved by scientific 
evidence. 

The attention of Muslim and non-Muslim 
scientists was drawn to this amazing 
agreement between Qur’anic texts and the 
Hadith on one hand and proven scientific facts 
on the other. Professor Kieth L. Moore and 
his colleagues in recognition of this 
agreement, have given place in this book for 
the presentation of our comparative studies, 
which will no doubt serve the purpose of 
furthering learning and science and also as an 
inducement for thought and contemplation. 
After a study which lasted ten years, the 
famous French physician, Maurice Bucaille 
has addressed the French Medical Academy in 
1976 and expressed the complete agreement of 
The Qur’an and The Hadith and the findings 
of modern science. He posed the question to 
the Academy to explain this observation. The 
only explanation which was produced by 
unbiased scientists was that the Qur’an must 
consist of the word of Allah and His 
knowledge. In this series of additions, we give 
some comparative researches in the field of 
embryology for Muslim scientists and place 
them before the international community of 
scientists in academies, universities and 
institutions of research. 

It is expected that many will be amazed as 
many were amazed before them. This 
astonishment will increase when it is learnt 
that the above observation was revealed in 
The Qur’an: 
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“Soon will We show them our signs 
in the  (fartherest} Regions 
(universe) and in themselves until it 
becomes manifest to them that this 
is the Truth. Is it not enough that 
your lord is witness on all things”? 

(Sura Fussilat, Ayah 53) 


Embryologists will be surprised to find in 
the Qur’anic texts, revealed to Prophet 
Mohammad (peace be upon him) 1400 years 
ago, and in his Hadith, information on the 
stages of development of the embryo. The 
most comprehensive terminology 1s used to 
refer to each stage and the sequence is 
accurately and consistantly recorded. The 
texts tell us of the initial stages of creation of 
the embryo and the important developments 
in each stage. We are told of the relationship 
of the conceptus to the uterus and about the 
laws of heredity. Such information has been 
recently learnt by scientists with the help of 
refined methods and modern techniques. The 
Embryologists will be surprised to learn that 
specific days have been mentioned in the 
Hadith when specific developments take 
place. The texts also describes the uterus and 
the “three veils of darkness” that surround the 
conceptus. These texts reveal facts which were 
misunderstood by man for ages after the 
revelation of the Qur’an in the 7th century 
A.D. It goes without saying that the total 
agreement of science with Qur’anic texts will 
become clear because the Qur’an is the word 
of Allah Whose knowledge is the truth. 

The Qur’anic revelations were preserved 
word by word and letter by letter without any 
alternation. The Hadith has also been 
recorded and preserved by the will of Allah by 
men who used the strictest of methods for 
recording of the traditions of Prophet 
Mohammad (peace be upon him). 

In the comparative study contained in the 
addenda each “Ayah” of tbe Qur’an or text of 
the Haditb was thoroughly researched in 
Qur’anic interpretations, the most reliable 
books of Hadith and five Arabic language 
references for the meaning of the words. The 
exact sources are given in tbe list of references. 
The interpretations were discussed with a 
number of contemporary Muslim scholars. 
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The scientific and medical aspects were 
obtained from well known specialised 
reference works. Interviews and discussions 
were also held with a number of 
internationally eminent embryo-logists, 
obstetricians and gynaecologists. This was our 
means of ascertaining the religious as well as 
the scientific aspects of the study. It was 
evident that the scientists saw the congruence 
of the texts presented to them with scientific 
facts. 
Qur’an : 
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Tal eacaage : 
“And those to whom knowledge 
has come, see that the (Revelation) 
sent down to you from your Lord, 
is the Truth, and that it guides to the 
Path of the Exalted (In Might), 

Worthy of all Praise”. 
(Surah Saba, Ayah 6) 


Science has come accross many historic 
controversies with religions where the clergy 
had put their views and related it to God. It 
was Allah’s revelations to scientists that 


* 


proved to them these misconceptions and 
elucidated the truth of His own words. Those 
who had controversy with particular religions 
had not considered the “whole religion” and 
therefore had to live with the uncertainties of 
limited human knowledge which is still 
growing day after day. 


All physicians in the world agree that each 
cell in the human body has a specific role or 
purpose for which it is there. This purpose ties 
it with the purpose of tissues, organs, systems 
and the whole body. Thus, there is infinite 
wisdom in each part which makes up the 
whole. It follows, therefore that man was 
created for a purpose and wisdom not realised 
by those who think that they exist aimlessly. 

Those who are believers in science and 
knowledge, open their hearts to the truth 
which can be proven by the scientific method. 
We are all promised by Allah that He will 
show us his miracles. 
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“And Say: Praise be to Allah, Who 
will soon show you His Signs, So 
that you shall know them” 

(Surah Al-Naml, Ayah 93) 


Attention: The Qur’an ts defined as the word of Allah which was revealed to Prophet Mohammad 


(peace be upon him) in Arabic. Therefore, words not mentioned in the Qur’an cannot 
be said to be words of Allah. The words presented in the translation of the Qur’an 
represent the meanings understood by the interpretters from reading the Qur’an. In 
the translations given in the additions sometimes an exact equivalent English word 
could not be found and therefore, transliteration was the only alternative. 
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HISTORICAL NOTES’ 


The citations included in the addenda 
appeared in the Qur’an and the Hadith during 
the 7th century A.D., The Prophet 
Mohammad was himself illiterate and was 
living among illiterate people. Further, the 
Arabs at that time worshiped idols, believed in 
horoscope, magic and were superstitious and 
very actively opposed the views advanced by 
the Prophet through his revelations. The Jews, 
were equally superstitious and believed that 
intercourse induldged from behind resulted 
into the birth of a baby suffering from Squint. 
The Quotation below gives the background of 
the people in that era as stated by the Prophet. 

« Sess} CY GI os > 

( Syed! ape 5 
“We are an illiterate people who 
can neither write nor calculate...” 
(Sahih Al-Bukhary, Fath Al-Bari 
vol. 4, p. 126) 

This fact is further supported by the 
recorded history of that time when only few 
literate people existed among the masses, so 
much so that the Quran and Hadith 
encouraged people to read and write. 

Fath Al-Bari (vol. 9, p. 14) and Sahih 
Muslem Sharh Al-Nawawy, vol. 7, p. 192, 
have also recorded that during the era of 
Prophet Mohammad, those who could write, 
were using stones, palm leaves and leather to 
do so, These facts clearly point out the 
ignorance of the people who could not have 
known the facts discovered during scientific 
progress many centuries later. 

Such were the conditions then, when the 
account about human development appeared 
in the Our’an. This clearly indicates that tt 
could not have been the knowledge of man, 
but it must have been revealed by Allah to the 
Prophet Mohammad. 


HISTORICAL CONFLICT WITH 
LACK OF SCIENTIFIC FACTS 


1. Before Islam and for a long time afterwards 
it was predominantly believed that the embryo 
originated from menstrual blood. This state of 
affairs continued until the advent of the 
microscope made it possible to prove 
otherwise. Muslim scholars from the begining 
consistantly rejected this theory in all 


historical writings because they knew from the 
Qur’an and the Hadith that the embryo is 
created from the male and female fluids. This 
is stated in the Qur’an: 
SPO Sr CELT € aed tes Jolsay ee) 
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“Does man believe that he is left 
uncontrolled (without purpose)? 
Was he not a drop of (germinal) 
fluid emitted? Then he became 
alagah (leech like), then did Allah 
make (him) and then fashioned 
(Straightened and smoothed) him” 

{Surah Al-Qyama, Ayah 36, 37, 38) 


The Qur’an went further and prohibited 
intercourse during menstruation which was 
described as harmful. 
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“They ask you about (intercourse 
during) menstruation, say it is a 
harm, so keep away from women 
during menstruation and do not 
approach them untill they are 

clean” 
(Surah Al-Bagarah, Ayah 222) 
“Sexual intercourse during the menstrual 
flow may lead to infection of the uterus and 
fallopain tubes, as well as increase the risk of 
endometriosis with its many _— clinical 
complications. Because of increased 
congestion of pelvic blood vessels there is 
often intense pain and discomfort. Male 
urinary tract infection and the development of 
infertility have also been reported. Allah in 
His infinite wisdom and in His mercy has 
already enlightened us of this fact, as cited in 
the Qur’an”. (Persaud and Azzindani, 1983). 
2. It was widely believed up to the middle of 
the 18th century that the new being is present 
in the gamete in a miniature form (preforma- 
tion theory). The idea that the embryo passes 


* See also M. Tahir & Abdul-Majeed A. Azzindani (1983), 8th Saudi Medical Conference Proceedings. 
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through stages of development was discovered 
at the end of the 19th century. 

The Qur’an and the Hadith on the other 
hand, state this fact on several occasions e.g., 
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“We created man from a 
quintessence (gentle extraction) of 
clay. We then placed him as a drop 
(Nutfah ik! } in a place of rest 
firmly fixed. Then we made the 
drop into an ‘Alagah ( ides ) 
(leech-like) and then we changed 
the leech-like structure into a 
Mudghah( isn: )(chewed-like 
substance) then we made out of that 
Mudghah bones (Skeleton) (1zam 

alke } then We clothed the 
bones with flesh (muscles) (Lahm 

e> ) then we developed out of 
him another creation. So blessed be 
Allah the best to creat.” 

(Surah Al-Mu’minun, Aydt 12-15) 


The controversy about the preformation 
theory continued in Europe during the 17th & 
18th centuries. During the same period 
Muslim scholars had something different to 
offer from the Qur’an and the Hadith. They 
knew that the Qur’an stated that the beginings 
of man were already determined (planned) in 
Nutfah (drop of fluid, see p. 32a). They also 
knew from the Hadith that the creation of 
organs, with which they were familiar, 
occured after the 42nd day (6th week, see p. 
86a). 

There were also controversies on the role of 
the father and the mother. Even after the 
discovery of the microscope, the preformation 
theory continued to find acceptance among 
scientists. Some believed that there was a 
preformed miniature fetus in the head of the 
sperm (Swammerdam, 1637-1680). Another 
school who relied on the work of DeGraaf 
(1641-1693), believed that the preformed 
individual was in the ovum and therefore the 
mother had the main role and not the father. 
These two points of view continued until 
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Maupertuis (1698-1759) propagated the 
theory of biparental inheritance. 

Following upon this step forward, it was 
generally accepted by scientists that both 
parents shared in the origins of the offspring. 
One thousand and two hundred years before 
the above controversy the fact of the role of 
the parents was clearly stated in the Qur’an 
and the Hadith: 
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“O mankind! We created you from 


male and female”. 
(Surah Al-Hujurat, Ayah 13) 


(es , atl. GHEE) 1) 
Yui awl dy » 
“Verily, We created man from 


mixtures of germinal drop”. 
(Surah Ad-Dahr, Ayah 2) 


This was interpreted as mixtures of male 
and female fluids. 

In the Hadith it is recorded that one of the 
Jews asked the Prophet (peace be upon him): 
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“O, Mohammad, what is man 
created from?” The _ Prophet 
replied: “O jew, (he is) created 
from both: from the man’s Nutfah 
and from the women’s Nutfah 
(Nutfah: drop or part of fluid)”. 
(Al-Musnad, by Al-Imam Ahmad) 


In conclusion it appears that human . 
knowledge had at one time contradicted some 
of the facts brought by Islam on some aspects 
of reproduction. It is also realised that as man 
discovers new facts he finds himself repeating 
what had already been stated by Qur’an and 
Hadith. After answering about 80 questions 
on various aspects of embryology, all of which 
were derived from Qur’an and Hadith. Prof.. 
Keith L. Moore, found that his answers were 
in full agreement with the information in the 
Qur’an artd the Hadith’ Hé said: “if J was- 
asked these questions 30 years ago, I would not: 
have been able to answer half of them for lack 
of scientific information”. 














ESSENTIAL 
INFORMATION 


ALLAH : et 

The name of the one and only God, the Creater, who is 
perfect in all characteristics, worthy of worship and who 
has sent His messengers to mankind. 


THE QUR'AN : ota 
This is the word of Allah revealed to Prophet 
Mohammad (peace be upon him) precisely transmitted to 
us by groups of people from other groups where agreement 
on falsehood is impossible. It is the miraculous word of 
Allah and when read, it is considered a form of worship. 


THE PROPHET MOHAMMAD : foie ol 

The Prophet Mohammad the last and final prophet born 
570 A.D., Allah bestowed him with Prophethood at the 
age of 40 years, and died at the age of 63. 


AL-HADITH : acme 
The tradition of the Prophet which consists of his 
sayings, his practice and acknowledgements. 


MEANINGS OF QUR’AN AND HADITH sydd yc! Bt Glee 

The interpretation of the Qur’an and Hadith has been 
based on meanings derived from the reference sources 
included in the References for the meanings of words in 
Qur’an and Hadith, page 458 k. 
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ISLAMIC TERMS 


The following terms have been taken from 
Qur’an. The relevent references are quoted 
below. The terminology is based on easily 
understood actions and changes in the shape 
of the conceptus(). 


AD-DAFQ?) pi 
(Forceful Emission of Fiuid): 
Forceful emission of male and female 
secretions including ovulation. 


SULALAH MIN MA‘A() sha fy DI 
(Gentie Extraction from fluld): 
Gentie extraction of one sperm from 
the male germinal fluid and the ovum 
from the follicular fluid. It also covers 
the gentle extraction of the Zygote 
from its surrounding fluid. 


AMSHAJ@) (mixtures) ace 
Mixing of sperm and ovum. 
AL-KHALQ®? aged 
(Coming into being): 


Begining of a human individual from 
the fertilized ovum. 


AL-TAQDEER©) pres 
(Determination of characters) 


AL-HARTH) oI 
(Ploughing & Sowing): 
It implies implantation. 


NUTFAH(®) Atta} 
(Drop or smail part of fluld): 

Its real meaning can only be deduced 
from the text of Qur’an; eyidently it is 
a comprehensive term and includes 
male and female gametes and part of 
their natural environments of fluid. It 
also includes zygote, morula and 
blastocyst til implantation in the 
uterus. 
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‘ALAQAH®) ile 
(Leech or Biood Clot, or any thing 
suspended or attached to a surface): 

This term 1s Qur’an refers to the pre- 
somite embryo (of about 15-22 + 2 
days) which looks like a leech. This is 
deduced from the Ayah under 
references which describes changing 
of the ALAQAH into MUDGHA. 
The concept of this term meaning 
blood clot was used by ancient 
scholars who depended on the outside 
appearance of the aborted conceptus. 

MUDGHAH®) Aas 
(Chewed Substance): 

This term refers to the somite stage of 
the embryo (of about 23-40 + 2 days). 


AL-IZAM°) alent 
(Skeleton) : 
AL-KiSA BIL-LAHM(!) ery LS 

(Ciothing with flesh): 
The Skeleton becomes clothed with 
muscles. 
AL-NASH’AH(2) eck 


(Growth or coming into being): 
It refers to the fetal stage when there 
is growth of the body and coming of 


the soul. 


a 


TAISEER AL-SABEEL !?) 
(To make the passage easy): 
This implies making the passage of the 
baby through the birth canai easy. 


AL-GHAYDH"*) —) 
(Decrease or penetration): 
It implies a decrease in amount of 
male and female secretions which 
penetrate into the uterus and uterine 
tubes. 


iZDIAD AL-RAHEM(*) er! ake)! 
(increase in the size of Uterus): 
It implies an increase in the size of the 
uterus as a result of pregnancy. 








(1) Moore, K.L. and Azzindani, A. (1983) 8th Saudi Medical conference. 
(2) Surah At-Tariq, 6. “He is created from a drop emitted” 
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(3) Surah As-Sajda, 8. “Then He made his progeny from a quintessence of the nature of a fluid despised”. 
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(4) Surah Ad-Dahr, 2. "Verily we created man from mixtures of a germinal drop”. 5 ‘ 
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(5) Surah Abasa, 19. "He created a new individual from a'Nutfah’ and immediately planned or programmed him”. 
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(6) "Your wives are as a tilth unto you”, Surah Al-Baqara, Ayah 223. ee 
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(7) “Was he not a drop of germinal fluid”, Surah Al-Qyama, Ayah 37. 
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(8) "Then we placed him a drop (Nutfah) in a place of settlement firmly fixed”, Surah Al-Mu'minun, Ayah 13. 
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(9) “Then we created the drop into a leech like structure then of that leech like structure we made a chewed like substance” 
Surah Al-Mu’minun, Ayah 14. 


eT ope M ape (... Ck ACT aes...) 0 
(10) “Then we made out of that chewed like substance bones (Skeletal system)”, Surah Al-Mu’minun, Ayah 14. 


: VE AT Oyodll 35 5 Gs EGG Bir ec), 
(11) Ibid, 14. "Then We clothed the bones with flesh (muscies)”. 5 ee 
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(12) Ibid 14. “Then we developed out of him another creation”. Surah Ai-Mu'minun, Ayah 14. 
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(13) “From a deop He created him, and immediately planned or programmed him, then He makes his passage easy”. 
Surah Abasa, ayat 19, 20 F 
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(14) "Allah knows that every female bears, and what is penetrate decreasing in the womb and what is increasing gore 
Surah Al-Rahd, Ayah 8. 
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THE BEGINNING OF 
DEVELOPMENT 


The First Week 


He who sees things grow from the beginning will have 
the finest view of them. 


— Aristotle 
Greek philosopher, 384-322 B.C. 


Human development begins at fertiliza- 
tion, when a sperm unites with an ovum. to 
form a unicellular organism called a zygote 
(Gr. zygotes, yoked together), This cell 
marks the beginnings of each of us as a 
uniguc individual. 

Although it is a very large cell, the zygote 
is just visible to the unaided eye as a tiny 
speck. It contains genes (units of genetic 
information) in duplicate that are derived 
from the mother and the father. The unt- 
cellular organism, or zygote, becomes pro- 
gressively transformed into a multicellular 
human being through the division, migration, 
growth, and differentiation of cells. 


GAMETOGENESIS 


Gametogenesis is the process of formation 
and development of specialized generative 
cells or gametes (germ cells). This process, 


‘which ‘involves. the chromosomes and the 


cytoplasm of the gametes, prepares these 
cells for fertilization (union of the male and 
female gametes). During gametogenests, the 
chromosome number is reduced by half, and 
the shape of the cells ts altered. 

The sperm and the ovwin (the male and 
female germ cells or gametes) are highly 
specialized sex cells (Fig. 2-1) that contain 
half the’ usual number of chromosomes. The 
number is reduced during meiosis, a special 
type of cell division that occurs during game- 
togenests. This maturation process is called 
spermatogenesis in males and oogenesis in 
females (Fig. 2-2). 

There are fwo successive meiotic divi- 
stons. In the first meiotic division (the re- 
14 


duction division), homologous Chrornosomes 
(a “matched pair.’ one from each parent) 
pair during prophase and then separate 
during anaphase, with one representative 
of each pair going to each pole. By the end 
of the first meiotic division, each new cell 
formed (secondary spermatocyte or second- 
ary oocyte) has the haploid chromosome 
menber, ie., half the original number of 
chromosomes of the preceding cell (primary 
spermatocyte or primary oocyte). This dis- 
junction Of paired homologous chromo- 
somes is the physical basis of segregation, 
the separation of allelic genes at meiosis. 

The second meiotic division follaws the 
first division without DNA replication and 
without a normal interphase. Each chromo- 
some’ (which has two parallel strands, or 
chromatids) divides, and each half, or 
chromatid, is drawn to a different pole. 
Thus, the haploid number of chromosomes 
is retained, and each daughter cell formed by 
meiosis has this reduced number, with one 
representative of each chromosome parr. 
For more details and easy-to-follow illu- 
Strations of meiosis, see Thompson’ and 
Thompson (1980). 

The significance of meiosis is that it pro- 
vides for constancy of the chromosome 
number from generation to generation by 
producing huploid sex cells. Meiosis also 
allows independent assortment of maternal 
and paternal chromosomes among the ga- 
metes. Crossing over, by relocating seg- 
ments of the maternal and paternal chromo- 
somes, serves to ‘‘shuffle’’ the genes and 
thereby produce a recombination of genetic 
material. 

Some embryologists consider gametogen- 








NUTFAH (DROP) ii: 


THE BEGINNING OF DEVELOPMENT 


1. NUTFAH ( db —— 
2. NUTFAH AL-AMSHAJ ( ~ s'J! dide3\) 


Al-Nutfah in Arabic Nutfah means a drop 
or a small part of fluid. Its actual meaning with 
reference to the context in the Qur’an will 
include male and female gametes and part of 
the surrounding fluid. This is illustrated by the 
following citation: 


“was he not a drop or part of 
germinal fluid (mani) emitted or 
programmed” 

(Surah Al-Qiyama, Ayah 37) 


Here “mani” ( = 
female germinal fluid. 

The Prophet’s Hadith confirms the fact that 
the offspring is created from part of the 
germinal fluids. ° 
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) means male or 


“Not from all the fluid is the 
offspring created” 

(Sahih Muslim: Kitab Al-Nekah, 

Bab Al-Azl) 


It is also known that not all parts of the 
ejaculate are equally potent in the fertilization 
process. “In the first portion of the ejaculate 
are the spermatozoa, epididymal fluids, and 
the secretions from the Cowper and prostate 
gland fluids. In the last portions of the 
ejaculate are the secretions of the seminal 
vesicles. Most spermatozoa appear in the first 
part of the ejaculate, which is made primarily 
of prostatic secretions. Thus spermatozoa in 
the initial portion of the ejaculate have better 
motility and survival than those in the later 
portions, which are chiefly vesicular in 
origin”. (E.S.E. Hafez, Human reproduction, 
1979). 

Al-Nutfah Al-Amshaj: In Arabic Amshaj 
means mixture and Al-Nutfah Al-Amshaj 
shall mean mixtures of male and female 
germinal fluids or cells. All Islamic scholars 
unanimouly agree on deriving this meaning 
from the above expression. This is evidently 
clear from the following quotation: 


* ee ed 
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(... @bigh,.goyiciy ) 
Y AL OLIV by 
“Verily We created Man from 


mixture of germinal drop” 
(Surah Ad-Dahr, Ayah 2) 


* See also Keith L. Moore (1982) 7th Saudi Medical Conference Proceedings; and Keith L. Moore & Abdul-Majeed A. 
Azzindani (1983), 8th Saudi Medical Conference Proceedings. 
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GAMETOGENESIS 15 
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Figure 2-1 A, Drawing showing the main parts of a human sperm (x 1250). The head, composed most- 
ly of the nucleus, is covered by the acrosome (acrosomal cap), an organelle containing lytic enzymes that 
are believed to have an important role during fertilization (see Fig. 2-13). The sperm tail consists of three 
regions: the middle piece, the principal piece, and the end piece. The mitochondria in the middle piece are 
believed to generate the energy for sperm motility. 8, Asperm drawn to about the same scale as the oocyte. 
Because sperms were at one time regarded as parasites, they were given the name spermatozoa (‘‘semen ani- 
mals’). C, Drawing ef a human secondary oocyte (x200}, surrounded by the zona peliucida and the corona 


radiata. 


esis the first phase of development, because 
oogenesis and spermatogenesis create the 
conditions from which subsequent embryo- 
genesis arises, Disturbances during game- 
togenesis, e.g., nondisjunction (Fig. 2-3), 
result in abnormal gametes that cause abnor- 
mal development, such as occurs with tri- 
somy 21, or Down syndrome (see Fig. 8-4). 


SPERMATOGENESIS 


The term spermatogenesis refers to the 
entire sequence of events by which sperma- 
togonia are transformed into spermatozoa, 
or sperms. This maturation process begins at 
puberty (about 14 years) and continues into 
old age. 

The spermatogonia, which have been dor- 
mant in the seminiferous tubules of the testes 
since the fetal period, begin to increase in 
number at puberty. After several mitotic 
divisions, the spermatogonia grow and un- 
dergo gradual changes that transform them 
into primary spermatocytes (Fig. 2-2), the 
largest germ cells in the tubules. Each prima- 
ry spermatocyte subsequently undergoes a 
reduction division, called the first meiotic 
division, to form two haploid secondary 
spermatocytes that are about half the size of 


primary spermatocytes. Subsequently, these 
secondary spermatocytes undergo a second 
meiotic division to form four haploid sperma- 
tids that are about half the size of secondary 
spermatocytes. The spermatids are gradually 
transformed into four mature sperms by an 
extensive process of differentiation known 
as spermiogenesis. Spermatogenesis, the 
process of transformation of a spermato- 
gonium into a mature sperm, takes about 64 
days (Clermont, 1963), 

The mature sperm (Figs. 2-1A and 2-12) 
is a free-swimming, actively motile cell con- 
sisting of a head and a tail, or flagellum. The 
head, forming most of the bulk of the sperm, 
consists of the nucleus, whose chromatin is 
greatly condensed. The anterior two thirds of 
the nucleus is covered by the acrosome, a 
membrane-limited organelle containing en- 
zymes that are believed to facilitate sperm 
penetration of the corona radiata and zona 
pellucida during fertilization (Fig. 2-13), 

The tail of the sperm consists of three 
segments: the middle piece, the principal 
piece, and the end piece. The tail provides 
the motility of the sperm, which assists in 
its transport to the site of fertilization. The 
middle piece of the tail contains the energy- 
producing cytoplasmic and mitochondrial 








NORMAL GAMETOGENESIS 







SPERMATOGENESIS OOGENESIS 


ovory 
testis 


primary oocyte 
46,XX 






spermatogonium in primory 
Pree Follicle 
? 
aa primary oocyte 
ae 3° primary follicular SAB XX 
Sy a 7% ‘ J , 
Bh , be spermatocyte cells fee y in growing follicle 
tas “Rig 464, XY : ; 
- first J | primary 
meiotic ere ay4 Ma ay oocyte 
3 division zi ean 4&,XX 





in larger 
follicle 





2357 
secandary spermatacytes 
second 


meiotic 
division 


secandary 
aacyte 
23,X 

in mature 
fallicle 





spermatids 


Ist palar 
bady 
Bae Genes? 
| 
& second meiotic division 
\ corana 
radiata seg 


2nd polor 
body 


23,X 





uy 


yi! 23, X Fa Ff 


mature avum 


2a 


Figure 2-2 Drawings comparing spermatogenesis and oogenesis. Oogonia are not shown in this figure 
because all oogonia differentiate into primary oocytes before birth. The chromosome complement of the 
germ cells is shown at each stage. The number designates the total number of chromosomes, including the 
sex chromosome(s} shown after the comma. Note that (1) following the two meiotic divisions, the diploid num- 
ber of chromosomes, 46, is reduced to the haploid number, 23; (2) four sperms form from one primary sper- 
matocyte, whereas only one mature ovum results from maturation of a primary oocyte; and (3) the cytoplasm is 
conserved during oogenesis to form one large cel!, the mature oocyte or ovum. 
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apparatus. The junction between the head 
and the tail is called the neck (Fig. 2-1). 


OOGENES/S 


The term oogenesis refers to the entire 
sequence of events by which oogonia are 
transformed into ova. This maturation proc- 
ess begins before birth, but it is not complet- 
ed (if it occurs at all) until after puberty. 

Prenatal Maturation. During early fetal 
life, the oogonia proliferate by mitotic divi- 
sion. All these oogonia enlarge to form pri- 
mary oocytes before birth; for this reason, 
oogonia are not shown in Figures 2-2 and 
2-3. As the primary oocyte forms, ovarian 
stromal cells surround it and form a single 
layer of flattened follicular cells. The primary 
oocyte enclosed by this layer of flattened 
follicular cells constitutes a primordial folli- 
cle, or unilaminar follicle (Fig. 2-84). When 
the primary oocyte enlarges at puberty, the 
single layer of flattened, follicular cells sur- 
rounding it becomes cuboidal and then co- 
lumnar, forming a primary follicle (Fig. 2-2). 
When the primary follicle has more than one 
layer of cuboidal follicular cells, it is often 
called a growing follicle (Fig. 2-8B). 

Primary oocytes begin the first meiotic 
division before birth, but the completion of 
prophase does not occur until after puberty. 
The primary oocytes remain in suspended 
prophase (dictyotene) for several years, until 
sexual maturity is reached and the reproduc- 
tive cycles begin at puberty. Apparently, the 
follicular cells surrounding the primary oo- 
cyte secrete a substance called cocyte matu- 
ration inhibitor (OMI), which acts to Keep 
the meiotic process of the oocyte arrested 
(Page et al., 1981). This long duration of the 
first meiotic division may account in part for 
the relatively high frequency of meiotic 
errors such as nondisjunction (failure of 
paired chromosomes to disjoin) that occur 
with increasing maternal age. 

It must be stressed that no primary oo- 
cytes form after birth, i contrast to the 
continuous production of primary spermato- 
cytes in the male after puberty. 

Postnatal Maturation. The primary oo- 
cytes remain dormant in the ovaries until 
puberty. As a follicle matures, the primary 
oocyte increases in size and a deeply staining 
membrane, the zona pellucida, forms around 
it (Figs. 2~1C and 2-88). Shortly before 


ovulation (36 to 48 hours), the primary oo- 
cyte completes the first meiotic division. 
Unitke the corresponding stage of sperma- 
togenesis, however, the division of cyto- 
plasm is unequal. The secondary oocyte re- 
ceives almost all the cytoplasm (Fig. 2-2), 
and the first polar body receives hardly any. 
The first polar body is a small, nonfunctional 
cell that soon degenerates. At ovulation the 
nucleus of the secondary oocyte begins the 
second meiotic division, but progresses only 
to metaphase, when division is arrested. If 
fertilization occurs, the second meiotic divi- 
sion is completed and most cytoplasm is 
again retained by one cell, the mature oocyte 
(Fig. 2-2). The other cell, the second polar 
body, ts small and soon degenerates. As soon 
as the second polar body is extruded, matu- 
ration of the ovum is complete. 

The secondary oocyte released at ovula- 
tion is surrounded by the zona pellucida and 
a layer of follicular cells called the corona 
radiata (Fig. 2~1C). Compared with ordinary 
cells it is truly large, but it is just visible to 
the unaided eye as a tiny speck. 


It is generally believed that about 2 million 
primary oocytes are usually present in the ovaries 
of a newborn female infant, but many regress 
during childhood so that by puberty only 30 to 40 
thousand remain. Of these, only about 400 be- 
come secondary oocytes and are expelled at ovu- 
lation during the reproductive period. The number 
of oocytes ovulated is greatly reduced in women 
who take contraceptive (birth control) pills be- 
cause the hormones in these pills prevent ovula- 
tion. 


COMPARISON OF THE SPERM AND 
THE OVUM 


The sperm and ovum are dissimilar in 
several ways because of their adaptation to 
specialized roles. The mature ovum is mas- 
sive compared with the sperm (Fig. 2-1) and 
is immotile, whereas the microscopic sperm 
is highly motile. The ovum has an abundance 
of cytoplasm containing yolk granules, 
which provide nutrition during the first few 
days of development. The sperm bears little 
resemblance to an ovum or any other cell 
because of its sparse cytoplasm and special- 
ization for motility. 

With respect to sex chromosome constitu- 
tion, there are two kinds of normal sperm 
(Fig. 2-2): 23, X and 23, Y, whereas there is 
only one kind of normal ovum: 23, X. 
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Figure 2-3 Drawings showing how nondisjunction, an error in cell division, results in faulty chromosome 
distribution in germ cells. (Although nondisjunction of sex chromosomes is. illustrated, a similiar defect may 
occur during division of autosomes.) When nondisjunction occurs during the first meiotic division of sperm- 
atogenesis, one secondary spermatocyte contains 22 autosomes plus an X and a Y chromosome, and the other 
one contains 22 autosomes and no sex chromosome. Similarly, nondisjunction during oogenesis may give 
rise to an oocyte with 22 autosomes and two X chromosomes (as shown), or to one with 22 autosomes and no 
sex chromosomes. (See Fig. 8-3 for other drawings illustrating nondisjunction.} 
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In the foregoing descriptions, and in Figures 
2-2 and 2-3, the number 23 indicates the fotal 
number of chromosomes in the complement, m- 
cluding the sex chromosome. This number 1s 
followed by a comma and an X or Y to indicate 
the sex chromosome constitution; e.g., 23, X 
indicates that there are 23 chromosomes in the 
complement, made up of 22 autosomes and 1 sex 
chromosome (an X in this case). 


ABNORMAL GERM CELLS 


The ideal maternal age for reproduction 
appears to be from 18 to 30 years of age 
(Smith et al., 1978). The likelihood of a severe 
chromosomal abnormality in- the embryo 
increases significantly after the age of 35, It 
is also undesirable for the father to be older 
than this because the likelihood of a fresh 
gene mutation (alteration) increases with pa- 
ternal age. The older the father at the time of 
conception, the more likely he is to have 
accumulated mutations that the embryo 
might inherit (Thompson and Thompson, 
1980). This relationship does not hold for all 
dominant mutations and is not an important 
consideration in older mothers. 

Chromosomal Abnormalities. During 
meiosis, homologous chromosomes some- 
times fail to separate and go to opposite 
poles of the cell. As a result of this error of 
cell division, known as nondisjunction, some 
germ cells have 24 chromosomes and others 
have only 22 (Fig. 2-3). 


If a germ cell with 24 chromosomes fuses with a 
normal one during fertilization, a zygote with 47 
chromosomes forms. This condition 1s called ¢tri- 








somy because of the presence of three representa- 
tives of a particular chromosome, instead of the 
usual two. If a germ cell with only 22 chromo- 
somes fuses with a normal one, a zygote with 45 
chromosomes forms. This condition 1s known as 
monosomy because only one representative of a 
particular chromosome 1s present, instead of the 
usual pair. For a description of the clinical condi- 
tions associated with numerical disorders of chro- 
mosomes, see Chapter 8. 

Morphological Abnormalities. Up to 10 per 
cent of the sperms in an ejaculate may be grossly 
abnormal (Fig. 2-48), but it is generally believed 
that they do not fertilize oocytes owing to their 
lack of normal motility. Most, if not all, morpho- 
logically abnormal sperms are unable to pass 
through the mucus in the cervical canal. X-rays, 
severe allergic reactions, and certain antisperma- 
togenic agents have been reported to increase the 
percentage of abnormally shaped sperms in man. 
Such sperms are not believed to affect fertility 
unless their number exceeds 20 per cent. 

Although some oocytes may have two or three 
nuclei, they probably never mature. Some abnor- 
mal follicles containing two (Fig. 2~4A) or more 
oocytes may develop, but this phenomenon is 
infrequent in human females. Although such com- 
pound follicles could result in multiple births, it is 
believed most of them never mature and never 
expel their oocytes at ovulation. 


STRUCTURE OF THE UTERUS 


A brief description of the histological 
structure of the uterus is given here as a basis 
for understanding reproductive cycles, im- 
plantation of the blastocyst, and placenta- 
tion. 

The wall of the uterus consists of three 


KS 
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Figure 2-4 Drawings of germ cells. A, Primary follicle containing two primary oocytes. If this follicle 
matured and the oocytes were expelled and fertilized, they would give rise to dizygotic (nonidentical) twins. 
8, Various types of abnormal sperms. Although 10 per cent of the Sperms may be abnormal, they are not be- 
lieved to fertilize oocytes or to affect fertility unless 20 per cent or more are abnormally formed. Defective and 
immobile sperms are unable to penetrate the cervical mucus. 
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straight necks of the glands; (2) a thick 
spongy layer composed of edematous stroma 
containing the dilated, tortuous bodies of the 
glands; and (3) a thin basal layer containing 
the blind ends of the glands. This deep layer 
has its own blood supply and is not sloughed 
off during menstruation. The other two, the 
compact and spongy layers, disintegrate and 
are shed at menstruation and parturition (de- 


layers (Fig. 2-5A): (1) a very thin outer 
serosa, or perimetrium; (2) a thick middle 
smooth muscle layer, or myometrium, and 
(3) a thin inner layer, or endometrium. 
During the secretory phase of the menstru- 
al cycle (Fig. 2-6), three layers of the endo- 
metrium can be distinguished (Fig. 2-58): 
(1) athin superficial compact layer consisting 
of densely packed, stromal cells around the 
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Figure 2-5 A, Diagrammatic frontal section of the uterus and uterine tubes. The ovaries and vagina are also 
indicated. B, Enlargement of the area outlined in A. 
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“Then We placed him a drop 
(Nutfah) in a place of settlement 
firmly fixed”, 

(Surah Al-Mu‘minun, Ayah 13) 


The mother’s womb, which is firmly fixed in 
the body, for settlement of the conceptus is 
referred to in the Qur’an as “Quarar Makeen” 
(see fig. 7-2 and 7-9). There is no proper 
English equivalent to this expression which 
could give a complete concept as implied by 
“Quarar Makeen”. This expression means 
settling of the conceptus in the womb and 
refers to the ideal situtation of the latter in the 
mother’s body for formation and growth of a 
new being. This phrase is comprehensive in its 
meanings and covers all the known facts and 
those which are likely to be added later 
because “Quarar” is comprehensive enough to 
cover any additional information regarding 
the uterus and “Makeen” could cover any 
future knowledge about the relationship of the 
uterus to the body. 


“THREE VEILS OF DARKNESS” 


The embryo passes from one stage of 
development to another whithin three covers 
which have been expressed by the Qur’an as 
“Three veils of darkness”. These are taken to 
mean the following: 


a) The abdominal wall, 

b) Uterine Wall, 

c) The placenta with its choriono-amniotic 
membranes. 
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“He created you in the wombs of 
your mothers from one stage to 
another and all along three veils of 
darkness surrounded you”. 

(Surah Al-Zumar, Ayah 6) 


Interpretions of the Qur’an have agreed on 
the above meaning, see Fig. 7-9. 


* See also Nawab M. Khan; Jean-Henri Baud] & Abdul-Majeed A. Azzindani (1983), 8th Saudi Medical Conference 


Proceedings. 
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Figure 2-6 Schematic drawing illustrating the interrelations of the hypothalamus, hypophysis (pituitary 
gland}, ovaries, and endometrium. One complete menstrual cycle and the beginning of another are shown. 
Changes in the ovaries, calied the ovarian cycle, are promoled by lhe gonadotropic hormones (FSH and LH). 
Hormones from the ovaries (estrogens and progesterone) then promote changes in the structure and function 
of the endometrium, called the uterine cycle. Thus, the cyclical aclivity of the ovary is intimately linked with 
changes in the uterus. 


livery of a baby), and so are commonly _ tive (sexual) cycles involving activities of the 
called the functional layer (Fig. 2-58). hypothalamus, hypophysis (pituitary gland), 
ovaries, uterus, uterine tubes, vagina, and 
mammary glands. These cycles prepare the 
REPRODUCTIVE CYCLES reproductive system for pregnancy, 

Commencing at puberty and normally con- A hormone-releasing factor (GnRH) syn- 
tinuing throughout the reproductive years, thesized by cells in the hypothalamus is 
human females undergo monthly repreduc- _ carried by the fAypophyseal portal system 
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Figure 2-7 Diagram illustrating the hypophyseal porta! system. Reteasing factors liberated from hypo- 
thalamic cells are carried in the blood to the anterior lobe of the hypophysis {pituitary gland) via the capillaries, 
portal veins, and sinusoids of the hypophysecportal system. (From Leeson, C. R., and Leeson, T. S.: Histofogy. 
4th ed, Philadelphia, W. B. Saunders Co., 1984.) 
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(Fig. 2~7} te the anterior lobe of the hypoph- 
ysis (pituitary). This causes the cyclic 
release of the gonadotropic hormones, 
follicle-stimulating hormone (FSH), and 
luteinizing hormone (LH). 


THE OVARIAN CYCLE 


The gonadotropins (FSH and LH) produce 
cyclic changes in the ovaries (development 
of follicles, ovulation, and corpus luteum 
formation) known as the ovarian cycle. In 
each cycle, FSH promotes growth of 5 to 1? 
primary follicles; however, usually only one 
of them develops into a mature follicle and 
ruptures through the surface of the ovary, 
expelling its oocyte (Fig. 2-10). Hence, 4 to 
11 follicles degenerate and never mature. As 
the oocyte and follicle degenerate, they are 
replaced by connective tissue, forming a 
corpus atreticum. 

Follicular Development. Development 


follicular nucleus of 
cells primary oocyte 


of a follicle is characterized by (1) growth 
and differentiation of the primary oocyte, (2) 
proliferation of follicular cells, (3) formation 
of the zona pellucida, and (4) development of 
a conneciive tissue capsule, the theca folli- 
culi, from the ovarian stroma (Fig. 2-6). The 
follicular cells divide actively, producing a 
stratified layer around the oocyte (Fig. 2~88B). 
The follicle soon becomes oval in shape and 
the oocyte eccentric in position, because 
proliferation of the follicular cells occurs 
more rapidly on one side. Subsequently, 
fluid-filled spaces appear around the cells; 
these spaces soon coalesce to form a single 
large cavity, the follicular antrum (Fig. 2- 
8C). 

When the antrum forms, the ovarian folli- 
cle is called a secondary or vesicular follicle. 
The primary oocyte gets pushed to one side 
of the follicle, where it is surrounded by a 
mound of follicular cells, the cumulus oo- 
phorus, and projects into the antrum (Figs. 
2-8C and 2-9). 


zona cumulus 
pellucida oophorus 





mordial follicles containing primary oocytes that have completed the prophase of the first meiotic division and 
have entered the dictyotene stage. a ‘resting’ stage between prophase and metaphase, (x 250). B, Growing 
follicle containing a primary oocyte, surrounded by the zona pellucide and a:stratified layer of follicular celts 
(x250). C, An almost mature follicte with a large antrum. The oocyte, embedded in the cumulus oophorus, does 
not show a nucleus because it has been sectioned tangentially (x 100). (From Leeson, C. R., and Leeson, T.&.: 
Histology. 4th ed. Philadelphia, W. B. Saunders Co., 1981.) 
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Figure 2-9 Photomicrograph of a human primary oocyte ina secondary or vesicular follicle, surrounded by 
follicular cells of the cumulus oophorus. The zona pellucida is a refractife, deeply steining layer of uniform 
thickness. It is a gel-like, neutral glycoprotein that protects the oocyte. (From Bloom, W., and Fawcett, D. W.: 
A Textbook of Histology. 10th ed. Philadelphia, W. B. Saunders Co., 1975. Courtesy of L. Zemboni.) 


Early development of follicles is induced 
by FSH, but the final stages of maturation 
require LH as well. Growing follicles pro- 
duce estrogen, a female sex hormone that 
regulates development and function of the 
reproductive organs. Estrogens are mainly 
formed by the inner layer of the theca folli- 
culi (Fig. 2~6), known as the theca interna. 

Ovulation. Around midcycle (14 days), 
under the influence of FSH and LH, the 
mature ovarian follicle undergoes a sudden 
growth spurt, producing a cystic swelling or 
bulge on the surface of the ovary. A small 
oval avascular spot, the stigma, soon ap- 
pears on this swelling (Fig. 2-104). Prior to 
ovulation, the secondary oocyte and some 
cells of the cumulus oophorus detach from 
the interior of the distended follicle (Fig. 


2-108). At ovulation there is a surge of LH 
release that appears to cause the stigma to 
balloon out, forming a vesicle. The stigma 
then ruptures, expelling the secondary oo- 
cyte with the follicular fluid (Figs. 2-10D and 
2~11). The oocyte is surrounded by the zona 
pellucida and one or more layers of follicular 
cells that quickly become radially arranged 
as the corona radiata (Figs. 2-1C and 2- 
10C). 

The surge in the release of luteinizing 
hormone also seems to induce resumption of 
the first meiotic division of the primary oo- 
cyte. Hence, mature ovarian follicles con- 
tain secondary oocytes (Fig. 2-19). 


A variable amount of intermenstrual pain, 
called mitielschmerz (Ger. mittel, mid + schmerz, 
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Figure 2-10 Diagrams illustrating ovulation. The 
stigma ruptures and the secondary oocyte is ex- 
pelled with the follicular fluid. The diameter ot a 
secondary cocyte, freshly ovulated, is about0.10mm. 


pain), accompanies ovulation in some women. 
This may be used as a sign of ovulation, but 
there are better ones; e.g., the basal body tem- 
perature usually shows a slight rise at ovulation. 

Some women do not ovulate owing to an inade- 
quate release of gonadotropins; as a result they 
are unable to become pregnant. In some of these 
patients ovulation can be induced by the adminis- 
tration of gonadotropins or by administration of 
an ovulatory agent (clomiphene citrate). This drug 
stimulates the release of pituitary gonadotropins 
(FSH and LH), which usually results in matura- 
tion of the ovarian follicle, ovulation, and devel- 
opment of the corpus luteum. The incidence of 
multiple pregnancy increases up to ten fold when 
ovulation is induced. Apparently, the fine control 
of FSH output is not present in these cases, and 
multiple ovulations occur, leading to multiple 
Pregnancies and often spontaneous abortions 
{Hack et al., 1970). 

The Corpus Luteum. Shortly after ovu- 
lation, the walls of the follicle and the theca 
folliculi collapse and are thrown into folds 
(Fig, 2-10D). Under LH influence, they de- 
velop into a glandular structure known as the 
corpus luteum (Fig. 2~6), which secretes 
mainly progesterone, but also produces 
some estrogen. These hormones, particular- 
ly progesterone, cause the endometrial 
glands to secrete and generally to prepare the 
endometrium for blastocyst implantation 
(see Fig. 3-1). 

If the ovum is fertilized, the corpus luteum 
enlarges to form a corpus luteum of pregnan- 
cy (see Fig. 6—4B) and increases its hormone 
production. When pregnancy occurs, degen- 
eration of the corpus luteum is prevented by 
chorionic gonadotropin, a hormone secreted 
by the trophoblast of the chorion (see Fig. 
3-6). 

If the ovum is not fertilized, the corpus 
lutuem begins to degenerate about 10 to 12 
days after ovulation and is called a corpus 
luteum of menstruation. In each case the 
corpus luteum is subsequently transformed 
into a white scar called a corpus albicans. 


THE MENSTRUAL CYCLE 


The cyclic changes occurring in the en- 
dometrium constitute the uterine (endome- 
trial) cycle, commonly referred to as the 
menstrual cycle because menstruation is an 
obvious event (Fig, 2-6). 

The normal endometrium is a mirror of the 
ovarian cycle because it responds in a rather 
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Figure 2-11 Photomicrograph of 
a section of a rabbit ovary taken just 
after rupture of a mature ovarian fol- 
licle during ovulation. The secondary 
oocyte, previously torn away from 
the cumulus oophorus (Fig. 2-10}, 
has been carried with the gelatinous 
foliicuiar fluid out of the follicle and 
the ovary into the peritoneal cavity, 
The follicular cells adhering to the 
secondary oocyte constitute the cor- 
ona radiata. (From Page, E. W., 
Villee, C. A., and Villee, D. B.: Human 
Reproduction, Essentials of Repro- 
ductive and Perinatal Medicine. 3rd 








= ed. Philadelphia, W. B. Saunders Co., 
_ 1981. Courtesy of Dr. Richard J. 
apes Blandau,} 

+: ree 8 spree a 

Ht Eh Ra BIG 


precise manner to the fluctuating concentra- 
tions of ovarian steroids (Page et al., 1981). 

The 28-day menstrual cycle shown in Fig- 
ure 2-6 is by no means constant in length. In 
90 per cent of healthy young women, the 
length of the endometrial cycles ranges be- 
tween 23 and 35 days. Almost all these 
variations result from alterations in the dura- 
tion of the proliferative phase (Page et al., 
1981). 


The typical cycles iNustrated in Figure 2-6 are 
not always realized because the ovary may not 
produce a mature follicle, As a result, ovulation 
does not occur, In an anovulatory cycle the en- 
dometrial changes are minimal. The proliferative 
endometrium develops as usual; however, be- 
cause there is no ovulation and no corpus luteum 
formation, the endometrium does not progress to 
the secretory phase but continues to be of the 
proliferative type until menstruation begins. 

Anovulatory cycles may be produced by admin- 
astering sex steroid hormones. The excess hor- 
mones act on the hypothalamus and hypophysis, 
resulting in an inhibition of secretion of the hypo- 
thalamic releasing factors and pituitary gonado- 


tropic hormones essential for ovulation, Suppres- 
sion of ovulation is the basis for the success of 
birth control pills, e.g., a combination of estrogen 
and progestin, These hormones act by sup- 
pression of the midcyle surge in LH, which 
normally causes ovulation, In 90 per cent of 
cases, the interval between cessation of oral 
contraception and the occurrence of pregnancy 
is 12 months, when no other method of con- 
traception 1s used, 

Ovarian hormones cause cyclic changes in 
the structure of the reproductive tract, nota- 
bly the endometrium, Although divided into 
three phases for descriptive purposes (Fig. 
2-6), it must be stressed that the menstrual 
cycle is a continuous process; each phase 
gradually passes into the next one, 

The Menstrual Phase. The first day of 
menstruation is counted as the beginning of 
the menstrual cycle. The functional layer of 
the uterine wall is sloughed off and discarded 
during menstruation, which typically occurs 
at 28-day intervals and lasts for three to six 
days, 

The Proliferative (Follicular) Phase. 
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This phase (days 6 to 14) coincides with the 
growth of ovarian follicles and is con- 
trolled by estrogens secreted by the theca 
interna surrounding the follicles. There is a 
two- to threefold increase in the thickness of 
the endometrium during this phase of repair 
and proliferation. Early during this phase, a 
continuous surface epithelium covers the en- 
dometrium; the glands increase in number 
and in length, and the spiral arteries elongate 
but do not reach the surface during this 
phase. . 

The Secretory (Luteal) Phase. This 
phase (days 15 to 28) coincides with the 
formation and growth of the corpus luteum. 
The progesterone secreted by the corpus 
luteum stimulates the glandular epithelium to 
produce a material rich in glycogen. The 
glands become wide, tortuous, and saccular, 
and the endometrium thickens, partly as a 
result of the increased fluid in the stroma. As 
the spiral arteries grow into the superficial 
compact layer, they become tncreasingly 
coiled. If the oocyte released at ovulation is 
fertilized, the blastocyst normally begins to 
implant in the endometrium on about the 
sixth day of the secretory phase (Fig. 2-17), 
or the twentieth day of the menstrual cycle 
(Fig, 2-6). 

When fertilization does not occur, the se- 
cretory endometrium enters into an ischemic 
(premenstrual) phase during the last day or 
two of the menstrual cycle (Fig. 2-6). The 
ischemic phase is usually considered to be 
the last part of the secretory phase. The 
ischemia (localized deficiency of blood) gives 
the endometrium a pale appearance and 
occurs as the spiral arteries constrict inter- 
mittently. This intermittent constriction of 
spiral arteries results from the decreasing 
secretion of hormones by the degenerating 
corpus luteum. In addition to vascular 
changes, the hormone withdrawal results ina 
stoppage of glandular secretion, a loss of 
interstitial fluid, and a marked shrinking of 
the endometrium. 

Toward the end of the ischemic part of the 
secretory phase, the spiral arteries become 
constricted for longer periods. Eventually, 
blood begins to seep through the ruptured 
walls of the spiral arteries into the surround- 
ing stroma. Small pools of blood soon form 
and break through the endometrial surface, 
resulting in bleeding into the uterine lumen 
and the beginning of another menstrual 
phase. 


As smal! pieces of the endometrium be- . 


come detached and pass into the uterine 
cavity, the torn ends of the arteries bleed 
into the uterine cavity, resulting in an aver- 
age loss of 35 mi of blood. Eventually, over 
three to six days, the entire compact layer 
and most of the spongy layer are discarded in 
the menstrual flow. The remnants of the 
spongy layer and the basal layer remain to 
undergo regeneration during the subsequent 
proliferative phase of the endometrium. Con- 
sequently, the cyclic activity of the ovary is 
intimately linked with cyclic changes in the 
endometrium (Fig. 2—6). 

If pregnancy does not occur, the reproduc- 
tive or menstrual cycles normally continue 
until the end of a woman’s reproductive life, 
usually between the ages of 47 and 52. If 
pregnancy occurs, the menstrual cycles stop 
and the endometrium passes into a pregnan- 
cy phase. With the termination of pregnancy, 
the ovarian and menstrual cycles resume 
after a variable period of time (usuaily 6 to 10 
weeks if the woman is not breast-feeding her 
baby). 


GERM CELL TRANSPORT AND 
VIABILITY 


Oocyte Transport. At ovulation, the 
secondary oocyte is carried in a stream of 
peritoneal fluid produced by the sweeping 
movements of the fimbriae of the uterine 
tube (Fig. 2-10A}). These finger-like process- 
es move back and forth over the ovary and 
**sweep’’ the secondary oocyte into the in- 
fundibulum of the tube. The oocyte then 
passes into the ampulla of the uterine tube, 
largely as a result of the beating action of 
cilia on some tubal epithelial cells, but partly 
by muscular contraction of the tubal wall. It 
has been estimated that it takes the oocyte 
about 25 minutes to reach the site of fertiliza- 
tion in the ampulla of the uterine tube (Fig. 
2-18). 

Sperm Transport. Usually 200 to 500 
million sperms are deposited on the cervix 
and in the posterior fornix of the vagina at 
intercourse (Fig. 2-54}. The sperms pass by 
movements of their tails through the cervical 
canal, but passage of sperms through the 
uterus and uterine tubes appears to be assist- 
ed by muscular contractions of the wails of 
these organs. The prostaglandins present in 
the seminal plasma may stimulate uterine 
motility at the time of intercourse and assist 
in the movement of sperms through the uter- 
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Figure 2-12 Scanning electron micrograph of several human sperms. Each of these male germ cells con- 
sists of a head and a long tail. The head is formed principally by the nucleus. which contains the genetic traits 
that are transmitted by the male to the zygote during fertilization. The tail provides the motility that assists in 
the transport of the sperm to the fertilization site. (From Page, E. W., Villee, C. A., and Villee, D B: Human 
Reproduction. Essentials of Reproductive and Perinatal Medicine. 3rd ed. Philadelphia, W. B. Saunders Co., 


1981. Courtesy of J. E. Flechon and E. S. E. Hafez.) 


us and the uterine tubes to the site of fertil- 
ization (Page et al., 1981). It is not known 
how long it takes sperms to reach the fertil- 
ization site, but the time of transport is 
probably short. Settlage et al. (1973) found a 
few motile sperms in the ampulla of the 
uterine tube § minutes after their deposition 
near the uterine ostium (external os}, but 
some sperms took up to 45 minutes to travel 
to the fertilization site. Only 300 to 500 
sperms reach the fertilization site. 


Sperm Counts. During evaluation of fertility in 
aman, a clinical analysis of the semen is made. 
The average volume of the ejaculate is about 3.5 
ml, and the sperms account for less than 10 per 
cent of this fluid. The rest consists of seminal 
plasma secreted by the ducts and accessory 
glands of the male reproductive tract. 

In normal males there are usually more than 100 
million sperms per ml of semen (Fig. 2~12). Al- 
though there is much variation in individual cases, 
men whose semen contains 20 million sperms per 
ml, or 50 million in the total specimen, are proba- 
bly fertile. Men with less than 20 million sperms 
per ml of semen are likely to be sterile, especially 
if the specimen contains immotile and abnormal 
sperms (Fig. 248). 

The reduction in the number of sperms during 
passage through the female reproductive tract is 


mainly the result of filtering of abnormal and 
poorly motile sperms by the cervical mucus. 
Many sperms also invade the endometrial glands, 
where they die and are ingested by phagocytes. 


Fertilization Site. The usual site of fer- 
tilizatton is the ampulla of the uterine tube, 
its longest and widest part (Figs. 2~SA and 
2~18). It is generally believed that fertiliza- 
tion cannot be delayed until the oocyte 
reaches the uterus, since it becomes overripe 
and undergoes degeneration, The final fate of 
unfertilized oocytes is dissolution in the uter- 
US. 


GERM CELL VIABILITY 


Ova. Studies on early stages of develop- 
ment indicate that the ovum is usually fer- 
tilized within 12 hours after expulsion of the 
secondary oocyte at ovulation, and observa- 
tions have shown that in vitro the unfer- 
tilized human secondary oocyte dies within 
12 to 24 hours. 

sperms. Most sperms probably do not 
survive for more than 24 hours in the female 
genital tract. However, there is suggestive 
evidence that some sperms may be able to 


Pleo e SOP MASOEE OR oe Vat PE PEN 





GENTLE EXTRACTION’ 


SULALAH( w% ) 


GERM CELL TRANSPORT 
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“Sulalah Min Ma’a” ( cle ce U4 ) 
“Sulalah* in Arabic means gentle extraction 
from fluid. Its meaning in the context used in 
Qur’an is clear from the following: 


Pf we eo 


ue rif yee ; Pa of 
(. os Cre? slagye ah yeahs hase? ) 
A a) Stadt 8 pew 


“Then He made his progeny gently 
extracted from lowly fluid”. 
(Surah As-Sajdah, Ayah 8) 


The fluid refers to both male and female 
germinal fluids containing gametes and it is 
now a known scientific fact that both ovum 
and sperm are gently extracted from their 
environments in the process of fertilization. 


The whole concept is illustrated in fig. 2-10 C 
& D, p. 25. The ovum is observed to be 
extracted in a long stream of follicular fluid. 
Similarly one sperm out of millions is drawn 
out from the seminal fluid. 

Further, it is now common knowledge to 
embryologists that only one sperm and one 
ovum are involved in the normal process of 
fertilization, This fact was stated by Prophet 
Mohammad in the Hadith below: 


Wace 4 Ji i Sy LAI is pola » 
¢ Jia)! wh ~ oi WT ~ ple ree ) 


“Not from all the fluid is the 
offspring created”. 

(Sahih Muslim, Kitab Al-Nekah, 

Bab Al-Azl) 


* See also M. Tahir & Abdul-Majeed A. Azzindani (1983), 8th Saudi Medical Conference Proceedings. 
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fertilize an ovum for as long as three days 
after insemination. Many sperms are stored 
in the crypts or aggregations of cervical 
glands and within the cervical mucus. They 
obtain oxygen by diffusion through the cervi- 
cal plasma (Elstein, 1978). These sperms are 
gradually released for three or four days into 
the body of the uterus and pass into the 
uterine tubes. This storage of sperm ensures 
a constant release of sperms and thereby 
increases the chances of fertilization. 
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After being frozen to low temperatures, 
semen may be kept for years (Hancock, 
1970; Friedman, 1977). Children have been 
born after artificial insemination of women 
with semen that had been stored for several 
years. Thus, frozen-storage of semen could 
result in a man, long-dead, fathering a child 
by means of artificial insemination. 

Capacitation of Sperms. Before a mature 
motile sperm can penetrate the corona radia- 
ta and zona pellucida surrounding a second- 
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Figure 2-13 Diagrams illustrating the acrosome reaction and sperm penetration of an oocyte. The detail of 
the area outlined in A is given in &. 1. Sperm during capacitation. 2. Sperm undergoing the acrosome reaction. 
3, Sperm digesting a path through the zona pellucida by the action of enzymes released from the acrosome. 
4, Sperm after entering the cytoplasm of the oocyte. Note that (1) the plasma membranes of the sperm and the 
oocyte have fused, and (2) the head and tail of the sperm enter the oocyte. leaving the sperm’s plasma mem- 
brane attached to the cocyte’s plasma membrane. 
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ary oocyte, it must undergo capacitation, an 
activation process that takes about seven 
hours. It is generally accepted that this proc- 
ess consists of enzymatic changes that result 
in the removal of a glycoprotein coat and 
seminal plasma proteins from the plasma 
membrane over the acrosome. No morpholo- 
gical changes are known to occur during the 
capacitation process. 

Usually, sperms are capacitated in the 
uterus or the uterine tubes by substances in 
the secretions of the female genital tract. 
Follicular fluid is also known to have capaci- 
tating properties. During in vitro fertiliza- 
tion, capacitation is induced by artificial 
means using macromolecular components in 
the medium, such as gammaglobulin free 
serum, serum dialysate, follicular fluid, adre- 
nal gland extracts, albumin, and dextran 
(Zaneveld, 1978). The process is enhanced 
when follicular fluid is added to the me- 
dium. 

The Acrosome Reaction. An acrosome 
reaction may occur after capacitation of a 
sperm. This sequence of events, occurring 
during passage of the sperm through the 
corona radiata (Fig. 2-138}, consists of 
Structural changes. The outer membrane of 
the acrosome fuses at many places with the 
overlying cell membrane of the sperm head, 
and the fused membranes then rupture, pro- 
ducing multiple perforations through which 
the enzymes in the acrosome escape. Proges- 
terone seems to stimulate the acrosome reac- 
tion (Austin, 1975). It is present in large 
amounts in the follicular fluid released at 
ovulation (Figs. 2-10 and 2-11) and between 
the follicular cells of the corona radiata. 
Enzymes that are believed to facilitate pas- 
sage of the sperm through the corona radiata 
and the zona pellucida are released from the 
acrosome during the acrosome reaction. 
Hyaluronidase enables the sperm to pene- 
trate the corona radiata. Trypsin-like sub- 
stances and a zona lysin digest a pathway for 
the sperm through the zona pellucida. 


FERTILIZATION 


Fertilization is the sequence of events that 
begins with contact between a sperm and a 
secondary oocyte, and ends with the fusion 
of the nuclei of the sperm and ovum and the 
intermingling of maternal and_ paternal 
chromosomes at the metaphase of the first 
mitotic division of the zygote (Fig. 2-14). 


Embryonic development commences with 
fertilization; hence, the beginning of fertiliza- 
tion is the start of stage 1 of development. 
The fertilization process requires about 24 
hours and occurs as follows (Fig. 2-13): 

l. The sperm passes through the corona 
radiata. Dispersal of these follicular cells 
appears to result from the action of enzymes 
released from the acrosome, principally hya- 
luronidase. This enzyme is believed to effect 
removal of the corona radiata cells surround- 
ing the secondary oocyte. Probably move- 
ments of the tail of the sperm also help it to 
penetrate the corona radiata: 

2. The sperm penetrates the zona pellu- 
cida, digesting a path by the action of en- 
zymes released from its acrosome. The en- 
zyme acrosin appears to cause lysis of the 
zona pellucida, thereby forming a path for 
the sperm to follow. It has been shown 
experimentally that inhibition of acrosin pre- 
vents passage of sperms through the zona 
pellucida (Propping et al., 1978). 

Once the first sperm passes through the 
zona pellucida, a zona reaction occurs that 
renders this layer impermeable to other 
sperms. Alterations in the physiochemical 
characteristics of the zona pellucida are as- 
sociated with the zona reaction, but no mor- 
phological changes have been detected. The 
zona reaction is believed to be produced by 
cortical granules released from the second- 
ary oocyte, They contain lysosomal enzymes 
that induce the zona reaction. 


Although several sperms may penetrate the 
zona pellucida, usually only one sperm enters the 
ovum and fertilizes it. Two sperms may partici- 
pate in fertilization during an abnormal process 
known as dispermy; this seems to be a relatively 
common occurrence in humans (Carr, 1971). The 
resulting triploid embryos (69 chromosomes) may 
appear quite normal, but they nearly always abort, 
A few triploid infants have been born, but they all 
died shortly after birth (Carr, 1971). There is some 
experimental evidence that aged oocytes do not 
release cortical granules after sperm penetration 
of the zona pellucida. As a result, the zona 
reaction does not take place, and multiple pene- 
tration of sperms occurs. Polyspermy is unlikely 
to produce a viable embryo. 


3. The sperm head attaches to the surface 
of the secondary oocyie; the plasma mem- 
branes of the oocyte and sperm fuse and then 
break down at the point of contact. The head 
and tail of the sperm enter the cytoplasm 
of the oocyte, leaving the -sperm’s plasma 
membrane attached to the oocyte’s plasma 
membrane. 








AL-NUTFAH AL-AMSHAJ cl‘! dibs 


Please refer to Page 14a. The interpretation 
of the Ayah: De eT Ree Pee 
(... EAaB, pyc ) 

(verily We created man from mixture of 
germinal drop) to mean mixing of male and 
female gametes to form the Zygote. “Al 
Nutfah Al-Amshaj* is a peculiar combination 
of Nutfah, which is a noun refering to a single 
drop and Al-Amshaj an adjective, which is 
used in plural form. The grammatic rules of 
the language permit singular nouns or 
pronouns to be described by a stngular 
adjective. Al- Amshaj is a plural adjective used 
with the singular noun Al-Nutfah. After 
mixture of the male and female gametes, the 
Zygote still remains “Nutfah” and in this 


context the word “Al-Nutfa Al-Amshaj” will 
mean a combination of many things mixed ina 
single drop (Nutfah) i.e., the maternal and 
paternal chromosomes with their genetic 
material and other contents of the Cell. 
“Amshaj” is a plural adjective capable of 
agreeing with the concept of Nutfah being a 
multi-faceted single entity. 


Thus the Qur’an as early as the 7th Century 
A.D. refuted all older notions and theories 
about the beginings of the Human conceptus 
because these did not take into account the 
dual nature of fertilization. This information 
was discovered by scientists many centuries 
after the revelation in the Qur’an. 
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Figure 2-14 Diagrams illustrating fertilization (developmental stage 1), the procession of events 2 Albee 
when the sperm contacts the secondary oocyte’s plasma membrane and ending with the intermingling o 
maternal and paternal chromosomes at metaphase of the first mitotic division of the zygote. A, Secondary 
oocyte surrounded by several sperms. (Only four of the 23 chromosome pairs are shown.) B, The corona radiata 
has disappeared; a sperm has entered the oocyte. and the second meiotic division has occurred, forming a 
mature ovum. C, The sperm head has enlarged to form the male pronucleus. D, The pronuclei are fusing. E, The 
chromosomes of the zygote are arranged on a mitotic spindle in preparation for the first cleavage (mitotic) 
division. 
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4. The secondary oocyte completes the 
second meiotic division, forming a mature 
ovum and the second polar body (Fig. 2- 
148). The nucleus of the ovum is known as 
the ferznale pronucleus. 

5. Once within the cytoplasm of the 
ovum, the tail of the sperm rapidly degener- 
ates, and its head enlarges to form the male 
pronucileus (Fig. 2-14C). 

6. The male and female pronuclei ap- 
proach each other in the center of the ovum, 
where they come into contact and lose their 
nuclear membranes. Then the maternal 
and paternal chromosomes intermingle at 
metaphase of the first mitotic division of the 
zygote. 


RESULTS OF FERTILIZATION 


1. Restoration of Diploid Number. Fu- 
sion of the two haploid germ cells produces a 
zygote, a diploid cell with 46 chromosomes, 
the usual number for the human being. 

Meiosis is the special form of cell division 
that results in the chromosome number 
being reduced by half. Thus, meiosis pro- 
vides for the constancy of chromosome 
number from generation to generation by 
producing haploid germ cells. 

2. Species Variation. Because half the 
chromosomes come from the mother and 
half from the father, the zygote contains a 
new combination of chromosomes that 1s 
different from those of the parents. This 
mechanism forms the basis of biparental 
inheritance and results in variation of the 
human species. 

Meiosis allows independent assortment 
of maternal and paternal chromosomes 
among the germ cells. Crossing over of 
chromosomes, by relocating segments of 
the maternal and paternal chromosomes, 


serves to “shuffle” the genes, thereby 
producing a recombination of genetic 
material. 


3. Sex Determination. The embryo’s 
sex is determined at fertilization by the kind 
of sperm that fertilizes the ovum. Hence, it is 
the father rather than the mother whose 
gamete determines the sex of their offspring. 
Fertilization by an X-bearing sperm pro- 
duces an XX zygote, which normally devel- 
ops into a female, whereas fertilization by a 
Y-sperm produces an XY zygote, which nor- 
mally develops into a male. 

As discussed in Chapter 13, sexual devel- 
opment is a complex process that is suscepti- 


ble to alteration by environmental factors, 
particularly sex hormones. However, the 
chromosomal sex established at fertiliza- 
tion is usually the same as the phenotypic 
sex that develops during the fetal period. 


Control of the Sex of the Embryo. Because the 
sex of the embryo is determined by whether the 
sperm contributes an X or a Y chromosome to the 
zygote, and because X and Y sperms are formed 
in equal numbers, the expectation is that the sex 
ratio at fertilization (primary sex ratio) should be 
1.00 (100 boys per 100 girls). However, there are 
more male babies than female babies born in all 
countries. In North America, for example, the sex 
ratio at birth (secondary sex ratio) is about 1.05 
(105 boys per 100 girls). 

The secondary sex ratio could be altered if 
parents were to request termination of pregnan- 
cies in which the fetus is not of the sex that they 
prefer. Although it is technically possible to deter- 
mine the sex of the unborn fetus by examining 
cells in the amniotic fluid (see Chapter 6 and 
Figure 6-13), most physicians would not perform 
amniocentesis and abortion for the sole purpose 
of controlling the sex of the embryo. 

Various in vitro techniques have been devel- 
Oped in an attempt to separate X- and Y- bearing 
sperms using (1) the differential swimming abili- 
ties of the two types of sperm, (2) different speeds 
of migration in an electric field, and (3) microscop- 
ic differences in the X and Y sperms. 

Others claim that the timing and management 
of sexual intercourse can enable a couple to 
choose the sex of their child. However, no meth- 
Od of controlling the human embryo’s sex has 
been shown to change the sex ratio consistently. 

Most scientists are unconvinced that any of 
the current methods of controlling the embryo’s 
sex are of any value in altering the human sex 
ratio, 

4, Initiation of Cleavage. Fertilization 
initiates development by stimulating the zy- 
gote to undergo a series of rapid mitotic cell 
divisions called cleavage. | 


Cleaveage of a secondary oocyte may occur 
without fertilization as part of a process known 
as parthenogenesis; this may occur naturally or 
may be artifically induced. 

Parthenogenesis is a normal event in some 
species. For example, some eggs laid by a queen 
bee are not fertilized but develop parthenogeneti- 
cally into haploid males. In a few other species 
(e.g., rabbits), an unfertilized secondary oocyte 
can be experimentally induced to undergo parth- 
enogenetic development. No verified case of 
parthenogenesis has been reported in humans. In 
a suspected case, an exhaustive battery of blood 
grouping, histocompatibility, and other tests 
would be required to provide proof. (For more 
information, see Karp, 1976.) 











RESULTS OF FERTILIZATION’ 


1. CREATION 


> PROGRAMMING (PLANNING) 


3, SEX DETERMINATION 


4. CREATION (a!) ~- 1 


Khalaqgah in Arabic this means creation of a 
new being and aptly explains fusion of male 
and female gametes to form the Zygote. “This 
Cell marks the beginning of each of us as a 
unique individual”, p. 14. Crossing over of 
chromo-somes by relocating segments of 
maternal and paternal chromosomes, serves 
to shuffle the genes. 


2. PROGRAMMING ( 2!) - * 


Qadarah in Arabic means “planned or 
programmed” and when preceded by the 
conjunction “FA” ( 4 ) indicates a rapidly 
occurring process. In the ayah given below, 
“FAQADARAH” is interpretted to mean 
that immediately upon formation of the 
Zygote, the future programming of the new 
individual is laid down, This is the result of 
union of male and female pronuclei, which 
had already undergone shuffle of genes in the 
process of “cross over” of chromosomes. The 
Ayah says: 


ec Fae 


( 75a il ) 
V4 Ab ee 85 ye 


“He created him from “Nutfah” 
and immediately laid down the 
plan or programme of its (future 
development)”. 

(Surah ‘Abasa, Ayah 19) 


3. SEX DETERMINATION( owt! 444) - 


The information about sex determination 1s 
beautifully narrated in the Qur’an : 


(OBIE GAs “st; ) 
E40 cal ered By pe 


“And He created the two sexes 
male and female from a drop when 
ejaculated or planned”. 

(Surah An-Najm, Ayah 45, 46) 


“Tumna” (= ) in Arabic means “ejacu- 
lated” or ee aneds “Nutfah Idha Tumna” 
( ge 131 ides ) refers to the sperm when the 
meaning “ejaculation” is applied and can refer 
to the formation of the Zygote after the union 
of the sperm and the ovum, when it is taken to 
mean “planning”, 


Although participation of an X and Y 
chromosome bearing sperms determines the 
sex, the new individual cannot be formed 
without the ovum. Here the second meaning 
of “Tumna” (planned or programmed) can be 
applied. 


What we know today with regards to sex 
determination bears out what was revealed in 
the Qur’an in the 7th century. 


* See also Joe Leigh Simpson & Abdul-Majeed A. Azzindani (1983), 8th Saudi Medical Conference Proceedings. 
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There is evidence that the human oocyte may 
start to undergo parthenogenetic cleavage, but 
this does not result in organized development 
(Beatty, 1957). It has been suggested that on rare 
occasions an oocyte in an ovanan follicle may 
undergo parthenogenetic cleavage and give rise to 
an ovarian teratoma (Simard, 1957). 

Cloning in humans has not been reported in the 
scientific literature, but a clone of African clawed 
toads has been produced (Gurdon, 1962). A clone 
is a group of identical cells derived from one cell 
by fission (as in bacteria) or by mitotic cell divi- 
sion {as in cleavage). Experimental clonal re- 
production resulting in live-born normal offspring 
has not been reported in the scientific literature. 
The possibility of experimental cloning in hu- 
mans has been discussed widely since Rorvik 
(1978) wrote about the subject. In his supposed- 
ly factual story, the nucleus of a secondary 
oocyte was inactivated by an unspecified tech- 
nique, and the nucleus from a somatic cell of 
an adult man was inserted into the oocyte. An 
embryo, or clone, that supposedly developed 
from the renucleated oocyte was transplanted to 
the uterus of a female farm laborer. Rorvik’s story 
is not accepted by the majority of the scientific 
community. 


CLEAVAGE 


As the zygote, a single cell, passes down 
the uterine tube, it undergoes mitotic cell 
divisions known as cleavage. This phase of 
development begins with the first mitotic 
division of the zygote and ends with forma- 
tion of the blastocyst (Fig. 2-15). 

Division of the zygote into two daughter 
cells called blastomeres occurs during stage 
2 of development (Fig. 2-15A), about 30 
hours after fertilization. Subsequent divi- 
sions follow one another, forming progres- 
sively smaller blastomeres (Fig. 2-15 D). 
The morula (L. morus, mulberry), a solid 
ball of 12 to 16 blastomeres, forms about 
three days after fertilization. The morula 
enters the uterus as it is forming. 

If nondisjunction (failure of two members 
of a chromosome pair to disjoin during 
anaphase of cell division) happens at an 
early cleavage division of a zygote, an 
individual with two or more cell lines with 
different chromosome numbers is produced. 
Such individuals in whom mosaicism 1s 
present are termed mosaics. About 1 per 
cent of patients with Down syndrome (Fig. 
8-4) are mosaics with a mixture of 46- 
chromosome and 47-chromosome tissues. 
These persons have relatively mild stigmata 
of the Down syndrome, and they have a 


higher risk than normal persons of having 
children with this syndrome ifthe mosaicism 
affects the germ cells. 


BLASTOCYST FORMATION 


During stage 3 of development (about four 
days), cavities appear inside the compact 
mass of cells forming the morula, and fluid 
soon passes into these cavities from the 
uterine cavity. As the fluid increases, it sepa- 
rates the cells into two parts: (1) an outer cell 
layer, the trophoblast (Gr. trophe, nutrition), 
which gives rise to part of the placenta, and 
(2) a group of centrally located cells, known 
as the inner cell mass (or embryoblast), 
which gives rise to the embryo. The fiuid- 
filled spaces soon fuse to form a single large 
space, known as the blastocyst cavity, of 
blastocoele. At this stage of development, 
the conceptus is called a blastocyst (Figs. 
2—15E and 2-164). The inner cell mass now 
projects into the blastocyst cavity, and the 
trophoblast forms the wall of the blastocyst 
(Figs. 2-15F and 2-168). The blastocyst lies 
free in the uterine secretions for about two 
days, then the zona pellucida degenerates 
and disappears (Figs. 2-15£ and 2-16A). 

During stage 4 of development (5 to 6 
days), the blastocyst attaches to the endome- 
trial epithelium (Fig. 2-17A). As soon as the 
trophoblast attaches to this epithelium, it 
starts proliferating rapidly and gradually dif- 
ferentiates into two layers: (1) an inner cyfo- 
trophoblast (cellular trophoblast), and (2) an 
outer syncytiotrophoblast (syntrophoblast, 
syncytial trophoblast) consisting of a multi- 
nucleated protoplasmic mass in which cell 
boundaries disappear and the mass of 
trophoblast becomes a syncytium (Fig. 2- 
17B). The finger-like processes of the syncy- 
tiotrophoblast grow into the endometrial epi- 
thelium and start to invade the endometrial 
stroma. By the end of the first week, the 
blastocyst is superficially implanted in the 
compact layer of the endometrium. 

During stage 5 of development (7 to 12 
days), as the blastocyst is implanting, early 
differentiation of the inner cell mass occurs. 
A flattened layer of cells, the hypoblast 
(primitive endoderm), appears on the surface 
of the inner cell mass facing the blastocyst 
cavity at about seven days (Fig. 2-I7B). 
Recent evidence indicates that the hypo- 
blast is probably displaced to extraem- 
bryonic regions (see Chapter 4 and Fig. 4-1). 
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Figure 2-15 Drawings illustrating cleavage of the zygote and formation of the blastocyst. A to D show 
various stages of cleavage (developmental stage 2). The period of the morula begins at the 12- to 16-cell stage 
and ends when the blastocyst forms, which occurs when there are 50 to 60 blastomeres present. — and F are 
sections of blastocysts (developmental stage 3). The zona pellucida has disappeared by the late blastocyst 
stage (five days). The polar bodies shown in A are small, nonfunctional cells that soon degenerate. 








THE CONCEPTUS 


A PART OF A DROP 


LA At * 
G3 sasaals Aabs ) 


18 il ae By 


“He created him from (a part of) 
Nutfah”. 
(Surah ‘Abasa, Ayah 19) 


“EMBRYONIC AREA” 


In spite of the fact that the Nutfah Al- 
Amshaj (fertilised ovum) is a small thing, yet 
the embryo does not develop from all its 
components. The inner cell mass contains the 
cells which later contribute to the formation of 
the embryonic area from which the embryo 
actually develops. 

Figs. 2-15 and 3-2 clearly indicate that only a 
small portion of cells, denved by repeated 
division of the Zygote, take part in the 
formation of the actual embryo, Ayah 19 of 
Surah ‘Abasa accommodate this fact: 


BOSS ge 


Opossaie Gls 

VU AD pont By ges 
“He created him from a part of 
“Nutfah” and then immediately 


programmed him (his future)”. 
(Surah ‘Abasa, Ayah 19) 


“Min Nutfah” (4443 ‘ +) implies that 
only a small number of the total cells produced 
by Nutfah shall take part in formation of the 
embryo. 


When Nutfah enlarges, part of it becomes 
embryonic and the greater part becomes 
nutritive and protective in function. These 
groups of cells are derived from a single 
“Nutfah”. Reference to figs. 2-14 and 2-15 and 
3-2 make this concept quite clear. 

This meaning is reinforced by the Hadith: 


Ml ST yo LESS cL I Saks » 
Kane get Oj Me eo Ge 


“Not from all the fluid is the 
offspring created and if Allah 
willed to create a thing, nothing can 

make Him powerless”. 
(Muslem: Kitab Al-Nikah, 
Bab Al-Azl) 
The latter part of the Hadith tells us that 
nothing can make “Allah” powerless if He 
willed to create and it very clearly reinforces 
our current observations that pregnancy could 
occur inspite of numerous contraceptive 
measures known including section and ligation 

of the Fallopian tubes. 
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Figure 2-16 Photomicrographs of sections of human blastocysts (developmental stage 3) recovered from 
the uterine cavity (x600). A, Four days; the blastocyst cavity is just beginning to form and the zona pellucida is 
deficient over part of the blastocyst. 8, Four and a half days; the blastocyst cavity has enlarged and the inner 
cell mass and trophoblast are clearly defined. The zona pellucida has disappeared. (From Hertig, A. T., Rock, 
J.. and Adams, E. C.: Am. J. Anat. 98:435, 1956. Courtesy of Carnegie Institution of Washington.) 
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Figure 2-17 Drawings of sections illustrat- 
ing early stages of implantation. A, Six days; the 
trophoblast is attached to the endometrial epi- 
thelium at the embryonic pole of the blastocyst. 
B, Seven days; the syncytiotrophoblast has 
penetrated the epithelium and has started to in- 
vede the endometrial stroma. 

Some students have difficulty interpreting 
illustrations such as these, because in histologi- 
cal studies it is conventional to draw the endo- A. 
metrial epithelium upward, whereas in embryo- 
logical studies the embryo Is usually shown with 
its dorsal surface upward. Because the embryo 
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implants on its future dorsal surface, it would — endometrial 
appear upside-down if the histological conven- stromo 

tion were followed. In this book, the histological 

convention is followed when the endometrium 

is the dominant consideration (e.g., Fig. 2-58), — glandulor 


and the embryological convention is used when 
the embryo is the center of interest, as in these 
illustrations. 
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In vitro fertilization of human eva and cleavage 
of the zygote have been achieved by several 
investigators (Edwards, 1974; Steptoe and 
Edwards, 1976; Efliott, 1979; Grobstein, 1979). 
Most studies have been carried out on infertile 
women with occluded uterine tubes, with the in- 
tention of establishing pregnancy by transferring 
a morula (cultured in vitro) into the uterus. This 
technique offers hope to some infertile women 
who wish to have children. Synchronizing the 
endometrium and the cleavage stage of the 
zygote appears to present the major problem with 
this technique, because in vitro development is 
20 to 30 per cent retarded as compared with 
normal in vivo development. 


Abnormal Zygotes and Spontaneous 
Abortion. About 15 per cent of ail zygotes 
result in detectable spontaneous abortion, 
but this estimate is undoubtedly low because 
the loss of zygotes during the first week is 
thought to be high. The actual rate is un- 
known because the women do not know they 
are pregnant at this early stage. Clinicians 
frequently have a pattent who states that her 
last menstrual period was delayed by one or 
two weeks and that then her menstrual flow 
was unusually profuse. Very likely, such a 
patient has had an early spontaneous abor- 
tion. 

Early abortion occurs for a variety of 
reasons, one being the presence of chromo- 
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somal abnormalities in the zygote. Carr and 
Gedeon (1977) estimate that about half of all 
known spontaneous abortions occur because 
of chromosomal abnormalities. Hertig et al. 
(1959), while examining specimens recov- 
ered from early pregnancies, found sever- 
al clearly defective zygotes, some so abnor- 
mal that survival would not have been likely. 
This early loss of zygotes, once called preg- 
nancy wastage, appears to represent a dis- 
posal of abnormal conceptuses that could not 
have developed normally, i.e., anatural pre- 
natal screening of embryos. Without this 
screening, about 12 per cent instead of 2 
to 3 per cent of infants would be congenitally 
malformed (Warkany, 1981). 


SUMMARY OF FIRST WEEK 


Some sperms deposited in the vagina pass 
through the cervical canal, the uterine cavi- 
ty, and along the uterine tube to its ampulla, 
where fertilization usually occurs. When the 
secondary oocyte is contacted by a sperm, it 
completes the second meiotic division, As a 
result, a mature ovum and a second polar 
body are formed. The nucleus of the mature 
ovum constitutes the female pronucleus, 

After the sperm enters the ovum’s cyto- 
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Figure 2-18 Diagrammatic summary of the ovarian cycie, fertilization, and human development during the 
first week. Developmental stage 1 begins with fertilization and ends when the zygote forms. Stage 2 (days 2 
to 3) comprises the early stages of cleavage (from 2 to about 16 cells or the morula). Stage 3 (days 4 to 5) 
consists of the free unattached blastocyst. Stage 4 (days 5 to 6) is represented by the blastocyst attaching to 
the center of the posterior wall of the uterus, the usual site ot implantation. 


THE KEY OF AN’ 


EMBRYO’S FUTURE 


MUFTAH AL-GHAYB <8} ¢ tsi 
AL-GHAYDH (+! 


FROM GERMINAL FLUIDS TO 
IMPLANATION 


Allah (praise and glory be to Him) said: 
tN BSG eR Lec ieat) 
ae (S2ceG; 
AAS Ae I 5) ps 
“Allah knows what every female 
womb bears and what is penetra- 
ting into the womb or decreasing 


and what is increasing”. 
(Surah Ar-Ra‘ad, Ayah 8) 


And Allah’s messenger (Prophet Mohammad, 
peace be upon him) said: 
aii pats Yo» -: ors i! per JB, 
Ge pumies cies oe nce alll, YI als Yi 
“None knows the future of what is 
decreasing or penetrating into the 
wombs except Allah”. 
(Sahth Al-Bukhari: Kitab Al-Tafsir) 

The above sura and Hadith can be taken to 
consider thé period of early embryogenesis 
from insemination to early implantation of the 
fertilized ovum. The key word in both the 
Ayah and Hadith is “ Al-Ghaydh” which could 
mean: 

(1) Passing through or Penetration of fluid 
into depth, like water going into the 
depth of the earth. 

(2) Decrease in amount. 

The above Ayah and Hadith refer to some- 
thing which is passing through the female 
generative system, which is decreasing and/or 
increasing in size and it is something whose 
future at this stage is known to no one except 
“Allah”. This “something” evidently is a 
reference to the male and female generative 
materials and later to the zygote. 

When different meanings of the key word, 


“Al-Ghaydh” are applied to the Ayah and 
Hadith above, these evidently point to the 
development processes taking place up to the 
stage of early implantation. 

It is scientifically proven that of millions of 
sperms in the seminal fluid only one takes part 
in the process of fertilization of the ovum, and 
only one ovum, out of hundreds of thousands, 
is extracted from the ovary. So “Al-Ghaydh” 
will mean a decrease in the amount of the 
Germinal materials used in fertilization, 

When “Al-Ghaydh” is taken to mean 
“passing through”, it will cover the period of 
the journey the ovum takes to reach the uterus 
and during this period the ovum will be 
penetrated by the sperm to form the zygote. 

It is clear from the above that the word “Al+ 
Ghaydh” had been very aptly and correctly 
selected and we shall not be far from being 
correct to say that the “Al-Ghaydh” stage of 
development will cover from insemination to 
early implantation. 

The above Hadith says that only “Allah” 
knows about the future of the conceptus in the 
stage of “Al-Ghaydh”. It is quite evident that 
at an early stage of development like this, 
there is no way of knowing about the existence 
of pregnancy let alone information about the 
future of the conceptus. But scientifically, we 
know that soon after the zygote is formed, the 
future and identity of the new being has been 
determined and this is known to Allah only. 

The following is an extract from Johnson & 
Azzindani (1983) on the above topic: 

There are several steps in determining the 
indentity of a new individual. At the time of 
ejaculation several million spermatozoa are 
deposited in the vagina, adjacent to the 
uterine cervix. This fluid contains several 
hundred million spermatozoa, most of which 
are capable of uniting with an ovum to initiate 
a new life. 

The total volume of semen is reduced by the 


* See also E. Marshal Johnson & Abdul-Majeed A. Azzindani (1983), 8th Saudi Medical Conference Proceedings. 
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passage of some of the spermatozoa into the 
cervical canal in the direction of a potential 
ovum. This is the first step after insemination 
in determining the nature of the future 
embryo. The female’s counterpart in deciding 
the future embryo’s nature occurs when from 
among the thousands of ova available in the 
ovaries, only one is passed into the oviduct. 
This is the second step. 

Of the several hundred spermatozoa 
reaching the ovum only one will penetrate the 
female gemete’s cytoplasmic membrance and 
this is a third step in deciding the nature of the 
future person and it too is covered by the stage 
of Ghaydh ( “,% ). As a result of 
fertilization the dominant and recessive genes 
possessed by the parental chromosomes 
establish the new  individual’s genetic 
potential. 

Through all of these reproductive and 
development events the future expression of 
inherited potential is largely decided and 
though they themselves are generally not 
directly observable, their effects will become 
evident to all, later in life. The Hadith says 
that the key to the embryo’s future is decided, 
at Ghaydh. 

According to the Hadith, the keys of the 
unknown are five which no one knows but 
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Allah, and one of these unknowns is the future 
of the stage of “Al-Ghaydh”. 


las Ys abt SY) galas YL wl pale » 
i ae SY! awd gla oat YE Ble 
«.. al 


“The keys of the unknown are five, 
no one knows them but Allah; no 
one knows what is in the future 
except Allah, and no one knows the 
future of what in the wombs are 
decreasing or what is penetrating 
into them, except Allah”. 
{Sahih Al-Bukhart: Kitab Al-Tafsir) 


From the above ayah it is understood that 
the relationship of the conceptus with the 
uterus is in two stages: Al-Ghaydh( (2s! ) 
and Izdiad Al-Rahem (¢>y! 3Ua}!), the 
preamble of the above Hadith tells us that the 
key to the future of the conceptus is decided at 
Ai-Ghaydh and that no one but Allah knows 
it. The stage of Al-Ghaydh can be taken to 
include “A]-Harth” or implantation. 
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FORMATION OF THE 


BILAMINAR EME 


As implantation of the blastocyst contin- 
ues during the second week, morphological 
changes occur in the inner cell mass that 
produce a bilaminar embryonic disc com- 
posed of epiblast and hypoblast (Fig. 3~LA). 
As described in Chapter 4, the epiblasi gives 
rise to all three germ layers of the embryo 
(ectoderm, mesoderm, and endoderm). The 
hypoblast represents the primitive embry- 
onic endoderm, which is probably displaced 
to extraembryonic regions. It is now be- 
lieved that most or all embryonic endoderm 
is derived from the epiblast (see Fig. 4~1). 
As the bilaminar embryonic disc forms, the 
amniotic cavity, the yolk sac, the connecting 
stalk, and the chorion develop. 

Crowley (1974) refers to the second week 
of development as ‘‘the period of twos’’ 
because two embryonic layers form (epiblast 
and hypoblast) from the inner cell mass; two 
cavities develop (amniotic cavity and pri- 
mary yolk sac); and two layers of trophoblast 
differentiate (cytotrophoblast and syncytio- 
trophoblast). 


IMPLANTATION 


STAGE 5 (7 TO 12 DAYS)* 


As it would be a rare occurrence for a student 
to require the details of embryonic staging with- 
out being able to consult a reference book, it is 
sufficient for him or her to remember general 


* Although early developmen is a continuous process, 
it is helpful to divide human embryonic development 
into stages for comparison of specimens in different 
laboratories and for utilization in leratological studies 
(descriptive and experimental work on abnormal em- 
bryos). The embryonic *‘stages are based on lhe appar- 
ent morphological state of development, and hence are 
not directly dependent on either chronological age or on 
size’ (O’Rahilly, 1973). Stages 1 to 4 and the beginning 
of stage 5 occur during the first week. 
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The Second Week 


statements (€.g., implantation of the blastocyst is 
the main characteristic of stage 5), and to refer 
to this book, or a similar one, for details if and 
when they are required. 

Stage 5 comprises embryos that are im- 
planted to a varying degree and are previl- 
lous, that is, chorionic villi have not started 
to develop. Implantation of the blastocyst is 
the main characteristic of stage 5. Invasion 
of the endometrium begins on day 7 (Fig. 
2~17B) and the trophoblast differentiates into 
two types: cytotrophoblast and syncytiotro- 
phoblast. Both embryonic and maternal tis- 
sues are involved in implantation. 

The actively erosive syncytiotrophoblast 
invades the endometrial stroma containing 
capillaries and glands, and the blastocyst 
slowly sinks into the endometrium. Hertig 
(1968) describes the syncytiotrophoblast as 
“invasive, ingestive, and digestive.’’ The 
stromal cells around the implantation site 
become laden with glycogen and lipids, and 
they become polyhedral in appearance. 
Some of these cells, called decidual cells 
(Fig. 7-18), degenerate in the region of the 
penetrating syncytiotrophoblast and provide 
a rich source of material for embryonic nutri- 
tion. Later, the conceptus will receive nu- 
trients directly from the maternal blood, 

As more trophoblast contacts the endome- 
trium, it proliferates and differentiates into 
two layers (Fig. 3-1A): (1) the cytotropho- 
blast, which is mitotically active and forms 
new cells that migrate into the increasing 
mass of syncytiotrophoblast; and (2) the syn- 
cytiotrophoblast at the embryonic pole (ad- 
jacent to the developing embryo), which 
rapidly becomes a large, thick, multinu- 
cleated protoplasmic mass in which no cell 
boundaries are discernible (Fig. 3-1B). The 
cells of the cytotrophoblast divide, and many 
of them migrate into the syncytiotrophoblast, 
where they fuse and lose their cell mem- 
branes to form a syncytium. Mitoses can 





AL-HARTH 37a 
IMPLANTATION 


It is stated in the Qur’an : 


eho | 2 devoy + sir 2 7 or LETH. 

€ pee Spi Mores 
“Your wives are as a tilth unto you, 
so approach your tilth when or how 


you will’. 
(Surah Al-Baqarah, Ayah 223) 


According to the interpretation of Al- 
Tabari this means: Your women are the field 
for planting your children and you can enter 
them however you wish; and whenever you 
wish. According to Al-Bukhari, told by Jabir, 
(may Allah be pleased with him), the occasion 
on which the above Ayah was revealed was 
“the jews used to say: if the woman was 
approached from behind the child will have a 
squint” so this Ayah was revealed. 

This indicated that the jews used to 
propagate that if the coital act was in the 
vagina but the approach was from behind the 
child would have a squint. The Prophet's 
companions enquired from him about the 
truth of this. The answer came in this Ayah 
which explains to people that the women’s 
vagina is like fertile land and that the sperm is 
like the seeds and that children are like plants 
(Al-Qurtubi, D.671AH). 

Abu Hayyan (654-754AH), also explains 


that coitus is like ploughing and planting, the 
sperm is similar to the seed, the uterus 1s like 
the soil and the child is like the plant. 

On the same Ayah it was also explained that 
the place where people were ordered to enter 
their women was the place of planting and not 
the place of the stool, (Al-Nasfi, D.701AH). 


In the above Ayah is a description which is 
borne out by present day knowledge of the 
passage of Nutfah. Its entrance in the mothers 
genital tract during coitus is similar to the 
process of ploughing and planting. 


The entry of the sperms into the uterus is 
similar to the planting of seeds in the land, The 
entry of the sperm into the ovum also carries 
meanings similar to ploughing and planting. 
And finally the implantation of the fertilized 
ovum (Nutfah-Amshaj) is also similar to the 
planting of a seed. See fig. 2-17, 18 and 3-1, 
3-7). 

Harth is one word which had conveyed to 
Islamic scholars centuries ago the meaning 
and wisdom they had understood. These 
meanings have also been confirmed by 
modern science in minute detail which the 
ancient scholars could not understand. 


In conclusion it has been without knowledge 
of this word, Al-Harth, that embryologists 
have used the same word: Implantation, which 
in Arabic means Al-Ghars = Al-Harth. 
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Figure 3-1 Drawings illustrating the implanta- 
tion of a blastocyst into the endometrium (develop- 
mental stage 5). Actual size of the conceptus is 
about 0.1 mm. A, Drawing of a section through a 
blastocyst partially implanted in the endometrium 
(about 8 days). Note the slit-like amniotic cavity. 8, 
An enlarged three-dimensional sketch of a slightly 
older blastocyst after removal from the endo- 
metrium. Note the extensive syncytiotrophoblast at 
the embryonic pole and the much larger amniotic 
cavity. C, Drawing of asection through a blastocyst 
of about 9 days implanted in the endometrium. 
(Based on Hertig and Rock, 1945). Note the spaces 
or lacunae appearing in the syncytiotrophobiast; 
These soon begin to communicate with the endo- 
metrial vessels. 
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be seen in the cytotrophoblast, but never in 
the syncytiotrophoblast. 

While this trophoblastic development 
occurs, small spaces appear between the 
inner cell mass and the invading trophoblast. 
By day 8, these spaces have coalesced to 
form a slit-like amuiotic cavity (Fig. 3-1A). 
Concurrently, morphological changes occur 
in the inner cell mass resulting in the forma- 
tion of a flattened, essentially circular plate 
of cells called the embryonic disc. It consists 
of two layers: (1) the epib/ast, consisting of 
high columnar cells related to the amniotic 
cavity; and (2) the Aypoblast, consisting of 
cuboidal cells adjacent to the blastocyst cavi- 
ty. The epiblast is a thick layer that ts 
particularly active mitotically. The epiblast 
gives rise to all or nearly all the cells of the 
embryo. Most of or all the cells of the hypo- 
blast are displaced laterally, where they con- 
tribute to the formation of the extraembry- 
onic membranes. 

As the amniotic cavity enlarges, it ac- 
quires a thin epithelial roof called the am- 
nion. The cells forming the amnion, called 
amuioblasts, probably arise from cytotro- 
phoblastic cells. The embryonic epiblast 
forms the floor of the amniotic cavity and is 
continuous peripherally with the amnion 
(Fig. 3-18). 

Concurrently, other cells delaminate from 
the cytotrophoblast and form a thin exo- 
coeloinic membrane (Pig. 3-1B). This mem- 
brane is continuous with the hypoblast of the 
embryonic disc and circumscribes a large 
cavity called the exocoelomic cavity, or the 
primary (primitive) yolk sac. Further de- 
lamination of trophoblastic cells gives rise 
to a layer of loosely arranged cells, the 
extraembryoutc mesoderm, around the am- 
nion and the primary yolk sac (Fig. 3-1C). 

Isolated spaces, or cavities, called lacunae 
appear in the syncytiotrophoblast around 
day 9 (Fig. 3-1C) and soon become filled 
with maternal blood from ruptured capil- 
laries and secretions from eroded endome- 
trial glands. This nutritive fluid, called e#- 
bryotroph, passes to the embryonic disc 
(future embryo) by diffusion. 

The joining of uterine vessels with the 
lacunae in the syncytiotrophoblast repre- 
sents the beginning of the uteroplacental 
circulation. When maternal blood flows into 
the svacytiotrophohblastic lacunae, ts nu- 
tritive substances become available to the 


embryonic tissues over the very large sur- 
face of the syncytiotrophoblast. As both 
arterial and venous branches of the maternal 
blood vessels come into communication with 
the syncytiotrophoblastic lacunae, blood 
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Figure 3-2 Drawings of section through im- 
planted blastocysts (developmental stage 5c). A, 10 
days: 8, 12 days. (Based on Hertig and Rock, 1941.) 
This stage of development is characterized by the 
intercommunication of the lacunae filled with 
maternal blood. Note in 8 that large cavities have 
appeared in the extraembryonic mesoderm, form- 
ing the beginning of the extraembryonic coeiom. 
Also note that extraembryonic endodermal cells 
have begun to form on the inside of the primary 
yolk sac. 











IMPLANTATION 43 





Figure 3-3 Photograph of the endometrial sur- 
face showing the implantation site of a human 
embryo of about 12 days; the implanted conceptus 
causes a smail elevation (arrow) (<8). (From Hertig, 
A. T., and Rock, J. Contr. Embryol Carneg. Instn. 
29-127, 1941. Courtesy of the Carnegie Institution of 
Washington.) 


circulation is established. Oxygenated blood 
passes into the lacunae from the spiral ar- 
tevies, and deoxygenated blood is removed 
from them via the veins of the uterus. 

The 10-day conceptus is completely em- 
bedded in the endometrium (Fig. 3-24). For 
a day or so, the defect in the surface epithe- 
lium is indicated by a closing plug, consisting 
of a blood clot and cellular debris. By day 12 
the almost completely regenerated epithe- 
lium covers over the blastocyst (Fig. 328); 
this produces a minute elevation on the en- 
dometrial surface (Figs. 3-3 and 3-44). This 
type of implantation, during which the con- 
ceptus becomes completely embedded within 
the endometrium, is called interstitial im- 
plantation and occurs in humans and a few 
other species. 

Adjacent syncytiotrophoblastic lacunae 
fuse to form intercommunicating lacunar 
networks (Fig. 3+2B), which give the syncy- 
tiotrophoblast a sponge-like structure (Figs. 
3-4 and 3-5). These lacunar networks de- 
velop first at the embryonic pole and form 
the primordium of the intervillous spaces of 
the placenta. The endometrial capillaries 
around the implanted embryo first become 
congested and dilated to form sinusoids, and 
then the syncytiotrophoblast erodes them. 
Maternal blood now seeps directly into the 
lacunar networks and soon begins to flow 
slowly through the lacunar system, estab- 
lishing a primitive uteroplacental circula- 
tion. The erosion of the endometrium con- 
tinues until the placenta forms (see Fig. 
4-12). 

The failure of maternal tissue to reject the 


conceptus has puzzled embryologists and 
immunologists for some time. A current view 
is that the syncytiotrophoblast does not 
contain or exhibit transplantation antigens, 
and for this reason the conceptus 1s not re- 
jected (Page et al, 1981). 

The endometrial stromal cells around the 
conceptus enlarge and accumulate glycogen 
and lipid; these cellular changes, together 
with the vascular and the glandular alter- 
ations, are referred to as the decidual reac- 
tion. Although initially confined to the area 
immediately around the conceptus, the de- 
cidual reaction soon occurs throughout the 
endometrium. 

As these changes occur in the trophoblast 
and the endometrium, the extraembryonic 
mesoderm increases (Fig. 3-2A), and by day 
11 isolated coelomic spaces are visible within 
it. These spaces rapidly fuse to form large 
isolated cavities of extraembryonic coelom 
(Figs. 3-2B and 3-4B). The embryonic disc 
increases slightly in length, but it 1s still small 
(0.1 to 0.2 mm). The hypoblast (primitive 
embryonic endoderm) extends beyond the 
tim of the embryonic disc and along the 
inside of the dorsal part of the primary yolk 
sac (Fig. 3-28). 


STAGE 6 (13 TO 14 DAYS) 


This stage is characterized by the first 
appearance of chorionic villi. Proliferation of 
the cytotrophoblast produces local masses, 
or clumps, that extend into the syncytio- 
trophoblast and indicate a first stage (pri- 
mary chorionic villi) in the development of 
chorionic villi (Fig. 3-54). 

The isolated coelomic spaces in the extra- 
embryonic mesoderm have fused to form a 
single large space called extraembryonic 
coelom. This fluid-filled cavity surrounds the 
amnion and the yolk sac, except where the 
amnion is attached to the trophoblast by the 
connecting Stalk (Fig. 3-5B). As the extra- 
embryonic coelom forms, the primary yolk 
sac decreases in size, and a smaller sec- 
ondary yolk sac develops. It is formed by 
hypoblastic cells that grow out from the 
embryonic disc inside the primary yolk sac 
(Figs. 3-28 and 3-5A). 

The coelom splits the extraembryonic 
mesoderm into two layers (Fig. 3~SA and B): 
(1) extraembryonic somatic (somatopleuric) 
mesoderm, lining the trophoblast and cover- 
mg the amnion, and (2) extraembryonic 
splanchnic (splanchnopleuric) mesoderm, 
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Figure 3-4 A, Section through the implantation site of the 12-day embryo shown in Figure 3-3. The em- 
bryo (developmental stage 5c) is embedded in the compact layer of the endometrium (x30). 8, Higher mag- 
nification of the conceptus and surrounding endometrium (x100). Intercommunicating lacunae containing 


maternal blood are visible in the syncytiotrophoblast. (From Hertig, A. T., and Rock, J.: Contr. Embryol. Carneg. 
Instn. 29:127, 1941. Courtesy of the Carnegie Institution of Washington.) 





IMPLANTATION 45 


Figure 3-5 Orawings of sections through im- 
planted human embryos (developmental stage 6), 
based mainly on Hertig et al., 1956. In these drawings 
note that (1) the defect in the surface epithelium of 
the endometrium has disappeared; (2) a small sec- 
ondary yolk sac has formed inside the primary yolk 
sac asit is ‘pinched off‘: (3) alarge cavity, the extra- 
embryonic coelom, now surrounds the yolk sac and 
the amnion, except where the amnion is attached to 
the chorion by the connecting stalk; and (4) the 
extraembryonic coelom splits the extraembryonic 
mesoderm into two layers, extraembryonic somatic 
mesoderm fining’ the trophoblast and covering the 
amnion, and extraembryonic splanchnic mesoderm 
around the yolk sac. The trophoblast and extraem- 
bryonic somatic mesoderm together form the 
chorion, which eventually gives rise to the fetal part 
of the placenta. A, 13 days, illustrating the decrease 
in relative size of the primary yolk sac and the early 
appearance of primary chorionic villi at the embry- 
onic pole. 8, 14 days, showing the newly formed 
secondary yolk sac and the location of the pro- 
chordal plate (future site of mouth) in its roof. C, 
Detail of the prochordal plate area outlined in B. 
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Figure 3-6 A, Detail af the sectian (autlined in B.) of Lhe wall of the chorianic sac, B, Sketch of a 14-day 
canceptus illustrating the charlonic sac and the shaggy appearance created by the primary vilfi (x6). C, Draw- 


ing of a transverse seclion through a primary villus 


appearance of primary chorionic villi. 


around the yolk sac. The extraembryonic 
somatic mesoderm and the trophoblast to- 
gether constitute the chorion (Fig. 3-SA). 
The chorion forms a sac, the chorionic sac, 
within which the embryo and its amnion and 
yolk sac are suspended by the connecting 
stalk (Fig. 3-6B). The extraembryonic coe- 
lom becomes the chorionic cavity. 


The amniotic sac (with the embryonic epiblasi 
forming its ‘‘floor’’) and the yolk sac (with the 
embryonic hypoblast forming its “roof’) are 
analogous to two balloons pressed together (site 
of embryonic disc) and suspended by a cord (the 
connecting stalk) from the inside of a larger bal- 
loon (the chorionic sac). 

The embryo is still in the form of a flat 
bilaminar embryonic disc, but the hypoblas- 
tic cells in a localized area have become 
columnar to form a thickened circular area, 
called the prochordal plate (Fig. 3-5B and 
C). The prochordal plate indicates the future 
site of the mouth and appears to serve as an 
important organizer of the head region. It is 
believed to give rise to mesenchyme in the 
head region and to the endodermal layer of 
the oropharyngeal membrane (see Fig. 
4-6C). 


IMPLANTATION SITES 


Intrauterine Sites (See Figs. 2-18 and 
3-7). The blastocyst usually implants in 
the midportion of the body of the uterus, 
slightly more frequently on the posterior 
than on the anterior wall. Implantation al- 


(x300). Develapmental stage 6 is characterized by the 


most always occurs close to a maternal cap- 
illary, suggesting some type of tropism to- 
ward maternal blood (Page et al., 1981). 

implantations in the lower segment of the 
uterus near the internal ostium (os) result in 
placenta previa, a placenta that covers or 
adjoins the internal ostium. Placenta previa 
may cause severe bleeding during pregnancy 
or at delivery. 

Extrauterine Sites (Fig. 3-7). Implan- 
tation often occurs outside the cavity of the 
uterus. It includes tubal, cervical, and inter- 
Stitial types. Over 90 per cent of ectopic im- 
plantations occur in the uterine tube (Figs. 
3-7, 3-8, and 3-9). About 60 per cent of 
tubal pregnancies are in the ampulla or in- 
fundibulum of the uterine tube (Figs. 3-74 
and F’). The incidence of tubal pregnancy 
varies from 1 in 80 to 1 in 250 pregnancies, 
depending on the socioeconomic level of the 
population studied (Page et al., 1981). 

There are several causes of ectopic tubal 
pregnancy, but it is usually related to factors 
that delay or prevent transport of the divid- 
Ing zygote to the uterus, for example, alter- 
ations resulting from pelvic inflammatory 
disease. In some cases, the blockage results 
from a previous tubal infection that has 
damaged the mucosa, causing adhesions be- 
tween its folds. 

Ectopic tubal pregnancies usually result 
in rupture of the uterine tube and hemor- 
rhage during the first eight weeks, followed 
by death of the embryo (Figs. 3-8 and 3-9). 
Tubal rupture and subsequent hemorrhage 
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Figure 3-7 Drawing illustrating various implantation sites; the usual site in the posterior wall is indicated 
by an X. The approximate order of frequency of ectopic implantations is indicated alphabetically (A, most 
frequent to H, least frequent). A to F, Tubal pregnancies. G, Abdominal! pregnancy. H, Ovarian pregnancy. 
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Figure 3-8 Photographs of a tubai pregnancy. A, The uterine tube has been sectioned to show the con- 
ceptus implanted in the mucous membrane (x3). 8, Enlarged photograph of the normal-appearing four-week 
embryo (X13). Ectopic pregnancies occur most often in the ampulla of the uterine tube. This serious condition 
may be caused by a delay in the passage of the dividing zygote along the tube. Ectopic tubal pregnancy results 
in death of the embryo and usually sudden massive bleeding from the ruptured tube. 
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Figure 3~9 Photograph showing the gross appearance of an unruptured ectopic pregnancy located in the 
ampulla of the uterine tube. When the chorionic sac distends the tube, partial separation of the placenta and 
rupture of the tube often occur. Spurts of blood escape from the ruptured tube and its infundibulum {shown at 
the left). Tubal rupture and the associated hemorrhage constitute a threat to the mother's fife. (From Page, 
E.W., Villee, C. A., and Villee, D. B.: Human Reproduction, Essentials of Reproductive and Perinatal Medicine. 
3rd ed. Philadelphia, W. B. Saunders Co., 1981.) 


constitute a threat to the mother’s life and 
so are of major clinical importance. 


When blastocysts implant in the isthmus of the 
uterine tube, the tube tends to rupture early, 
because this part of the tube is narrow and rela- 
tively unstretchable, Abortion of the embryo from 
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this site often results in extensive bleeding, proba- 
bly because of the rich anastomoses between 
ovarian and uterine vessels in this area. When 
blastocysts implant in the uterine, or intramural, 
part of the tube, they may develop into fetuses (12 
to 16 weeks) before expulsion occurs. However, 
when such an interstitial ectopic pregnancy rup- 
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Figure 3-10 Photographs of an ovarian pregnancy. A, The ovary has been sectioned to show the embryo 


and its membranes, which occupy almost the entire ovary. B, Enlarged photograph of the normal-appearing 
five-week embryo (x6). Ovarian. pregnancy is very rare and leads to death of the embryo and bleeding from 


the ovary. 
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Figure 3-11 Drawing illustrating an abdominal 
pregnancy. Although a blastocyst expelled from the 
uterine tube may attach to any organ or to the 
mesentery of the intestines, it commonly attaches to 
the peritoneum of the rectouterine pouch. 


tures, it opens up a large uterine sinus that bleeds 
profusely (Lawson and Stewart, 1967}. Blasto- 
cysts that implant in the ampulla or on the fim- 
briae of the uterine tube are often expelled into 
the peritoneal cavity, where they commonly im- 
plant in the rectouterine pouch (Fig. 3-11). 

Simultaneous intrauterine and extrauter- 
ine pregnancy is unusual. The ectopic preg- 
nancy is masked initially by the presence of a 
pregnant uterus. Usually the extrauterine 
pregnancy can be terminated (e.g., by re- 
moval of the involved uterine tube) without 
interfering with the intrauterine pregnancy. 

Cervical pregnancy is very rare (Fig. 3-7). 
Some of these pregnancies are not recog- 
nized because the conceptus is expelled 
early in the gestation. In other cases, the 
placenta of the embryo becomes firmly at- 
tached to the fibrous and muscular parts of 
the cervix, often resulting in bleeding and 
subsequent surgical intervention, e.g., /ys- 
terectomy (excision of the uterus). 

Blastocysts may implant in the ovary (Fig. 
3-10) or in the abdominal cavity (Fig. 3-11), 
but ovarian and abdominal pregnancies are 
extremely rare. 


In exceptional cases, an abdominal pregnancy 
may progress to full term, and the fetus may be 
delivered alive. Usually an abdominal pregnancy 
creates a serious condition because the placenta 
often attaches to vital structures and causes con- 
siderable bleeding. Rarely, an abdominal preg- 
nancy is not diagnosed, and the fetus dies and 
becomes calcified, forming a so-called stone fetus, 
or lithopedion (Gr. lithos, stone, + paidion, child). 


EARLY ABORTIONS 


Abortion is defined as the termination of 
pregnancy before 20 weeks’ gestation, Le., 
before the period of viability. Almost all 
abortions during the first three weeks occur 
spontaneously; that is, they are not induced. 
The frequency of early abortions is difficult to 
establish because they often occur before the 
woman is aware she is pregnant. An abortion 
just after the first missed period is very likely 
to be mistaken for a delayed menstruation. 

Hertig et al. (1959) studied 34 embryos 
recovered from women of known fertility, 
and found 10 of them so abnormal that they 
probably would have aborted by the end of 
the second week. The incidence of chromo- 
some abnormalities in early spontaneous 
abortions in one study was about 6] per cent 
(Boué et al., 1975). Summarizing the data of 
several studies, Carr and Gedeon (1977) es- 
timated that about 50 per cent of all known 
spontaneous abortions result from chromo- 
somal abnormalities. The higher incidence of 
early abortions in older women probably 
results from the increasing frequeny of non- 
disjunction during oogenesis (see Fig. 2-3). 

Hertig (1967) estimated that of the 70 to 75 
per cent of blastocysts that implant, only 58 
per cent survive to the end of the second 
week. He further estimated that 16 per cent 
of this latter group would be abnormal and 
would soon abort. 

Witschi (1970) estimated that from one 
third to one half of all zygotes never survive 
to implant. Failure to implant may result 
from a poorly developed endometrium, but 
probably in many cases there are chromo- 
somal abnormalities in the zygote. 

Exposure of embryos to fteratogens 
(agents that produce congenital malforma- 
tions or increase their incidence) during the 
first two weeks usually does not cause con- 
genital malformations (see Fig. 8-14), but 
some agents kill the blastocyst or cause early 
abortions. 


SUMMARY OF IMPLANTATION 


Implantation of the blastocyst begins at 
the end of the first week and ends dunng the 
second week. The process may be sum- 
marized as follows: 

1. Zona pellucida degenerates (days 4 to 
5). Disappearance of the zona pellucida is 
brought about by enzymatic lysis. The lytic 
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enzymes are released from the acrosomes of 
the many sperms that partially penetrate the 
zona pellucida. 

2. Blastocyst attaches to endometrial 
epithelium (days 5 to 6). 

3. Syncytiotrophoblast erodes endometrial 
epithelium and stroma as it differentiates into 
an inner cellular layer, the cytotrophoblast, 
and an outer layer lacking cell boundaries, 
the syncytiotrophoblast (days 7 to 8). The 
erosion of the uterine mucosa results from 
proteolytic enzymes produced by the syncy- 
tiotro phoblast. 

4. Lacunae appear in syncytiotrophoblast 
(day 9). 

5. Blastocyst sinks beneath surface of the 
endometrial epithelium (days 9 to 10). 

6, Lacunar networks form by fusion of 
adjacent lacunae (days 10 to 11). 

7. Syncytiotrophoblast invades endome- 
trial sinusoids, allowing maternal blood to 
seep into the lacunar networks and establish 
a uteroplacental circulation (days 1] to 12). 

8. Defect in endometrial epithelium dis- 
appears (days 12 to 13). 

9. Marked decidual reaction occurs in the 
endometrium around the conceptus (days 13 
to 14), 


Inhibition of Implantation. The admin- 





D. DAY 12 E: 


istration of relatively large doses of estrogen 
(“morning-after”’ pills) for several days after 
sexual intercourse will prevent pregnancy by 
inhibiting implantation of the blastocyst that 
may develop. It may also accelerate passage 
of the dividing zygote along the uterine tube 
(Seeman et al., 1980). Normally, the endo- 
metrium progresses to the secretory phase of 
the menstrual cycle as the zygote forms, un- 
dergoes cleavage, and enters the uterus. 
The large amount of estrogen, usually 
administered as the synthetic estrogen di- 
ethylstilbestrol (DES), disturbs the normal 
balance between estrogen and progesterone 
that is necessary for preparation of the endo- 
metrium for implantation of the blastocyst 
(see Fig. 2-6). When the secretory phase 
does not occur, implantation cannot take 
place, and the blastocyst soon dies. Because 
this treatment results in the death of the 
blastocyst rather than in prevention of its 
formation, use of this method is largely re- 
stricted to special cases in which impreg- 
nation is not desired, e.g., after a rape or 
failure of a contraceptive method in a woman 
over 40. Another reason this method is not 
used routinely for birth control is that the 
treatment is associated with a relatively high 
frequency of nausea, vomiting, and other 





Figure 3-12 Drawings of sections of human blastocysts during the second week, iilustrating the rapid 
expansion of the trophoblast and the relatively minute size of the embryos (x25); the sketches indicated by the 


arrows show the actual size of the blastocysts. 
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adverse effects. Contraception is preferable 
to contraimplantation. 


SUMMARY OF SECOND WEEK 


Rapid proliferation and differentiation of 
the trophoblast occur as follows: (Fig. 3-12): 
(1) An inner cellular layer, the cytotrophob- 
last, and an outer syncyttum, the syncytio- 
trophoblast, form; (2) lacunae develop in the 
syncytiotrophoblast and soon fuse to form 
lacunar networks; (3) the trophoblast erodes 
maternal sinusoids and endometnial glands; 
(4) a primitive uteroplacental circulation 1s 
established as blood seeps into the lacunar 
networks; (5) primary chorionic villi form 
on the external surface of the chorionic sac; 
and (6) implantation is completed as the con- 
ceptus is wholly embedded within the endo- 
metrium, and the defect in the surface epi- 
thelium is healed *(Fig. 3-12). 

The various endometrial changes result- 
ing from adaptation of the maternal tissues to 
implantation of the blastocyst are known 
collectively as the decidual reaction. 

Concurrently, the primary yolk sac forms 
and extraembryonic mesoderm arises from 
the inner surface of the trophoblast. The 
extraembryonic coelom forms from spaces 
that develop in the extraembryonic meso- 
derm. The primary yolk sac becomes smaller 
and gradually disappears as the secondary 
yolk sac develops. 

As these changes occur (1) the aminiotic 


cavity appears as a Slit-like space between 
the cytotrophoblast and the inner cell mass; 
(2) the inner cell mass differentiates into a 
bilaminar embryonic disc consisting of 
epiblast related to the amniotic cavity and 
hypoblast adjacent to the blastocyst cavity; 
and (3) the prochordal plate develops as a 
localized thickening of hypoblast, indicating 
the future cranial region of the embryo and 
the site of the future mouth. 


SUGGESTIONS FOR ADDITIONAL 
READING 


Gasser, R. F.: Atlas of Human Embryos. Hagerstown, 
Harper & Row, Publishers, 1975. An excellent collec- 
tion of photomicrographs and drawings of specimens 
from the renowned Carnegie Collection. The impor- 
tant events in each week of development are present- 
ed in outline form. 

Hamilton, W. J., and Mossman, H, W.: Human Em- 
bryology. Prenatal Development of Form and Func- 
tion. 4th ed. Cambridge, W. Heffer and Sons, Ltd., 
1972. pp. 83-117. A well-illustrated account of im- 
plantation of the blastocyst and development of the 
amniotic cavity, yolk sac, and embryonic disc, 

Rugh, R., and Shettles, L. B.: From Conception to 
Birth. The Drama of Life's Beginnings. New York, 
Harper & Row, Publishers, 1971, pp. t-28. A very 
readable account of events occurring during the first 
weeks of development. Although written for pros- 
pective parents, the descriptions should be helpful to 
beginning students. , 

Villee, D. B.: Human Endocrinology. A Developmental 
Approach, Philadelphia, W. B. Saunders Co,, 1975, 
pp. 1-17. A summary of events occurring during the 
first weeks of life. You would probably find this 
less-exhaustive coverage of this complex subject 
hefpful in getting an overview of embryogenesis. 


CLINICALLY ORIENTED PROBLEMS 


. Is it advisable to make a radiological examination of a healthy 22-year-old 
female's chest during the last week of her menstrual cycle? Why or why not? 

. Awoman who had been raped during her fertile period was given large doses 
of estrogen (25 mg of diethylstilbestrol (DES) twice daily for five days) to inter- 
rupt a possible pregnancy. If she happened to be pregnant, what do you think 
would be the mechanism of action of the DES? What do laypeople call this 
type of treatment? 

. A 23-year-old woman reported to her doctor with severe lower abdominal 


pain. She said that she had missed two menstrual periods. A diagnosis of 
ectopic pregnancy was made. What is the most likely site of the extrauterine 
gestation? Be specific. How do you think the doctor would treat the case? 

. A 30-year-old woman had an appendectomy toward the end of her menstrual 
cycle; 81/2 months later she had a child with a congenital malformation of the 
brain. Could the surgery have produced the congenital malformation? Discuss 
briefly. 


The answers to these questions are given at the back of the book. 
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FORMATION OF THE 
TRILAMINAR EMBRYO 


The Third Week 


The third week is charactcrized by the 
formation of the primitive streak (Fig. 4-1) 
and the three germ layers, from which all 
tissues and organs of the embryo develop. 
The third week is a period of rapid develop- 
ment of the conceptus, coinciding with the 
first missed menstrual period (see Fig. 1-1). 

Cessation of menstruation is often the first 
sign that a woman may be pregnant. Rela- 
tively simple and rapid tests are now avail- 
able for detecting pregnancy as early as the 
third week. These tests depend on the pres- 
ence of fuman chorionic gonadotropin 
(hCG), a hormone produced by the tropho- 
blast and excreted in the mother’s urine. 
Bleeding at the expected time of menstrua- 
tion does not rule out pregnancy because 
there may be hemorrhage from the implanta- 
tion site in some cases. This intplantation 
bleeding results from leakage of blood into 
the uterine lumen from disrupted blood ves- 
sels around the implantation site. When such 
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Figure 4-1 


bleeding is interpreted as menstruation, an 
error occurs in determining the expected 
delivery date of the baby. 


There is no absolute sign of pregnancy during 
the early weeks because a gravid (pregnant) uter- 
us may be mimicked by several other conditions, 
e.g., fibroid tumors of the uterus and ovarian 
tumors. Furthermore, a positive pregnancy test 
does not always indicate that an embryo is devel- 
oping. After the death of an embryo, tumors such 
as noninvasive hydatidiform inole and highly ma- 
lignant tumors, called chorionepitheliomas, may 
develop from the chorionic epithelium and pro- 
duce hCG. 

Early confirmation of pregnancy is possible 
with ultrasound techniques. Using gray-scale 
imaging, a pregnancy can be detected around the 
time of the first missed period (Carlson, 1977). 
Early confirmation of pregnancy is clinically im- 
portant in patients with infertility who have oligo- 
menorrhea (scanty menstruation), or in patients 
who have persistent bleeding during the first 
trimester (Depp. 1977). 
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Drawing of the cranial half of the embryonic disc during the third week. The disc has been cut 


transversely to show the migration of mesenchymal cells from the primitive streak. This illustration also in- 
dicates that the definitive embryonic endoderm probably also arises from the epiblast. Presumably, the hypo- 


blastic cells are displaced to extraembryonic regions. 
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The third week has been referred to as the 
“period of threes” (Crowley, 1974) because 
three germ layers develap and three impor- 
fant structures form (the primitive streak, 
the notochord, and the neural tube). 


GASTRULATION 


The process by which the bilaminar em- 
bryonic disc is converted into a trilaminar 
embryonic disc is called gastrulation. Many 
cells of the epiblast detach themselves from 
neighboring cells and migrate inwardly to 
form a loose network of tissue called me- 
soblast, which spreads laterally and cranially 
to form a layer between the epiblast and the 
hypoblast known as the intraembryonic 
mesoderm. Some mesoblastic ceils invade 
the hypoblast and displace the hypoblastic 
cells laterally. This newly formed layer ts 
known as the embryonic endoderm. The 
cells that remain in the epiblast form the 
layer called the embryonic ectoderm. Hence, 
the epiblast is the source of embryonic ec- 
toderm, embryonic mesoderm, and most, if 
not all, embryonic endoderm. The cells of 
these three germ layers divide, migrate, 
aggregate, and differentiate into the tissues 
and the organs of the embryo (see Fig. 5-5). 

The ectoderm gives rise to the otter 
epithelia (e.g., the epidermis) and the nerv- 
ous system. The endoderm is the source of 
the epithelial linings of the respiratory pas- 
sages and the digestive tract, including the 
glandular cells of associated organs such as 
the liver and pancreas. The mnesodernt gives 
rise to smooth muscular coats, the connec- 
tive tissues, and the vessels supplying these 
organs. Mesoderm is also the source of blood 
cells and bone marrow, the skeleton, striated 
muscles, and the reproductive and excretory 
organs. 

Gastrulation begins on about day 14 and 
ends on about day 19. Formation of the 
primitive streak and the notochord are the 


important processes occurring during gastru- 
lation. During this phase of development. 
the embryo is sometimes referred to as a 
gastrula. At the end of gastrulation, the em- 
bryo is said to be ¢triploblastic. 


THE PRIMITIVE STREAK 


During developmental stage 6, usually on 
day 15, a thickened linear band of epiblast 
known as the primitive streak appears cau- 
daliy in the midline of the dorsal aspect of the 
embryonic disc (Figs. 4-1 and 4-24). The 
primitive streak results from the conver- 
gence of epiblastic cells toward the midline 
in the posterior part of the embryonic disc. 
As the primitive streak elongates by addition 
of cells at its caudal end, its cranial end 
thickens to form a primitive knot (Figs. 4-2C 
and 4-38). Concurrently, a narrow primitive 
groove develops in the primitive streak, 
which is continuous with a depression in the 
primitive knot known as the primitive pit 
(Fig. 4-2C and D), 

When the primitive streak appears, it is 
possible to identify the embryo’s craniocau- 
dal axis, its cranial and caudal ends, its 
dorsal and ventral surfaces, and its right and 
left sides. 

By the end of stage 6 of embryonic devel- 
opment (about 16 days), tntraembryonic 
mesoderm begins to appear (Figs. 4-1 and 
4-28). As soon as the primitive streak be- 
gins to produce mesoblastic cells destined to 
become intraembryonic mesoderm, the epi- 
blast is referred to as the embryonic ecto- 
derm, and the hypoblast is called the em- 
bryonic endoderm. 

Lhe intraembryonic mesoderm forms as 
follows; Cells of the epiblast move medially 
toward the primitive streak and enter the 
primitive groove. These cells lose their at- 
tachment to the cells of the epiblast and 
migrate inwardly between the epiblast and 


Figure 4-2 Drawings illustrating formation of the trilaminar embryonic disc (developmental stage 6, days 
15 to 16). The small sketch at the upper left is for orientation; the arrow indicates the dorsal aspect of the 
embryonic disc as shown in A. The arrows in all other drawings indicate migration of mesenchymal cells be- 
tween the ectoderm and endoderm. A, C, and E, Dorsal views of the embryonic disc early in the third week, 
exposed by removal of the amnion. B, D, and F, Transverse sections through the embryonic disc at the levels 
indicated. The prochordal plate is indicated by a broken line because it is a thickening of endoderm that can- 


not be seen from the dorsal surface (see Fig. 4—-5C). 
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Figure 4-2 See /jegend on opposite page. 
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the hypoblast (Figs. 4-1 and 4-2). These 
wandering mesoblastic cells immediately 
begin to pass laterally and form a network of 
cells called the mesoblast. Some mesoblastic 
cells become organized into a layer called 
the intraembryonic mesoderm. 

Mesoblastic cells are often called mesen- 
chymal cells. These embryonic cells migrate 
and have the potential to proliferate and 
differentiate into diverse types of cells (fibro- 
blasts, chondroblasts, and osteoblasts). Me- 
senchymal cells form a loosely woven tissue 
called mesenchyme, or embryonic connec- 
tive tissue. It forms the supporting tissue of 
the embryo, e.g., most connective tissues of 
the body and the stromal components of all 
glands. 

During developmental stage 7 (about 16 
days), mesoblastic cells migrate cranially 
from the primitive knot and form a midline 
cord known as the notochordal process 
(Figs. 4-2C and 4-38). This process grows 
between the ectoderm and the endoderm 
until it reaches the prochordal plate, a small 
circular area of columnar endodermal cells 
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(Figs. 3-5C and 4-24). The rod-like noto- 
chordal process can extend no farther be- 
cause the prochordal plate is firmly attached 
to the overlying ectoderm, forming the 
oropharyngeal (buccopharyngeal) mem- 
brane (Fig. 4-6C). 

Other mesoblastic cells from the primitive 
streak and the notochordal process migrate 
laterally and cranially until they reach the 
margins of the embryonic disc. There they 
join the extraembryonic mesoderm covering 
the amnion and the yolk sac (Fig. 4-2 F). 
Most extraembryonic mesoderm in human 
embryos is derived from the cytotrophoblast 
(see Chapter 3), but some of it may arise 
from the primitive streak, as in other mam- 
mals. Some cells from the primitive streak 
migrate cranially on each side of the noto- 
chordal process and around the prochordal 
plate, where they meet cranially in the car- 
diogenic area (Fig. 4-2 E), the future site of 
the heart. 

Caudal to the primitive streak there is a 
circular area known as the cloacal membrane 
(Figs. 4+3 and 4-5E£). The embryonic disc 
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Figure 4~3 Sketches of dorsal views of the embryonic disc showing how it lengthens and changes shape 
during the third week. The primitive streak lengthens by addition of cells at its caudal end; the notochordal 
process lengthens by migration of cells from the primitive knot. The notochorda! process and adjacent 


mesoderm induce the overlying embryonic ectoderm to form the neural! plate, the primordium of the central 
nervous system (see also Fig. 4-8). 
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THE LEECH STAGE * 


(‘ALAQAH STAGE) ( Liisi ) 


‘Alaqah in Arabic means Leech, a 
suspended thing, or a blood clot. The leech ts 
pear shaped and thrives on blood sucking. Fig. 
4-3 clearly indicates that the shape of the 
embryo resembles a leech and _ this 
resemblance will be more marked if seen from 
the side (Fig. 5-3) where projection of the 
neural folds form a median prominance. At 
this stage the cardiovascular system has 
started appearing and the embryo, is now 
dependant on the maternal blood for its 
nutrition like a leech; this aspect is clearly 
shown in fig. 4-10. 

Reference to fig. 4-12a shows the embryo 
(‘Alaqah) suspended in the chorionic cavity by 
the body stalk and is surrounded by fluids of 
the amnion and yolk sac. If the conceptus at 
this stage aborts spontaneously, it will 
resemble a blood clot, the meaning given to it 


by ancient people from the outer appearance 
of the abortus. 

There is a gap of a few days between the 
stages of implantation (Nutfah) and ‘Alaqah 
and this period is clearly explained by the 
following Ayah: 


A te vad ot tee OS 
aee + 


Rilo dabilal. % 


“Then We made the drop into an 
“‘Alagqah (Leech like)”. 
(Surah Al-Mu’minun, Ayah 14) 


The word “Thumm?” in Arabic is a conjunc- 
tion indicating a time lag and the Aya will, 
therefore, mean that after some time we 
created the “Nutfah” into “Alaqah . 


* See also Keith L. Moore (1982), 7th Saudi Medical Conference Proceedings. 
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Figure 4-4 Photographs of an infant with a large sacrococcygeal teratoma, probably of primitive streak 
Origin, These tumors are much more common In females than in maies, and they often become malignant 
during infancy. (Courtesy of Dr, Jan Hoogstraten, Children’s Centre, Winnipeg, Canada.) 


remains bilaminar here and at the oropharyn- 
geal membrane because the embryonic ecto- 
derm and endoderm are fused at these sites, 
thus preventing migration of mesenchymal 
cells between them. By the middle of the 
third week, intraembryonic mesoderm sepa- 
rates the embryonic ectoderm and endoderm 
everywhere except (1) at the oropharyngeal 
membrane cranially; (2) in the midline crant- 
al to the primitive knot where the notochor- 
dal process extends; and (3) at the cloacal 
membrane caudally. 


Fate of the Primitive Streak. The primitive 
streak actively forms intraembryonic mesoderm 
until about the end of the fourth week; thereafter, 
production of mesoderm from this source slows 
down. The primitive streak quickly diminishes in 
relative size and becomes an insignificant struc- 
ture in the sacrococcygeal region of the embryo 
(Fig. 4-3D). Normally it undergoes degenerative 
changes and disappears, but, rarely, primitive 
streak remnants persist and give rise to a tumor 
known as ateratoma (Fig. 4-4). As these cells are 
derived from pleuripotent primitive streak cells, 
the tumors often contain various types of tissue. 
Teratomas not derived from the primitive streak 
are usually located on or near the testes or the 
ovanes. In some of these tumors, structures have 
been reported that can be interpreted as disorgan- 
ized fetal parts. 

Changes in the Embryonic Disc (Fig. 
4-3). Initially the embryonic disc ts flat 
and essentially circular, but it soon becomes 
pear-shaped and then elongated as the noto- 
chordal process grows and the notochord 
forms. Expansion of the embryonic disc 
occurs mainly in the cranial region; the cau- 
dal end remains more or less unchanged. 
Much of the growth and elongation of the 


embryonic disc results from the continuous 
migration of cells from the primitive streak 
(Figs. 4~1 and 4~2). 


DEVELOPMENT OF NOTOCHORD 


In the lower chordate Amphioxus, the noto- 
chord forms the only skeleton of the adult animal. 
In the human embryo, it forms a midline axis and 
the basis of the axial skeleton (the bones of the 
cranium, vertebra! column, ribs, and sternum; see 
Chapter 15). 

The notochord is a cellular rod that devel- 
ops from the notochordal process and de- 
fines the primitive axis of the embryo (Figs. 
4-5 and 4-6). As the notochordal process 
develops, the primitive pit extends into it to 
form a lumen known as the notochordal 
canal (Fig. 4-5B to E). The notochordal 
process is now a tubular column of cells that 
extends crantally from the primitive knot to 
the prochordal plate. 

The notochord develops as follows: (1) 
The floor of the notochordal process fuses 
with the underlying embryonic endoderm; 
(2) degeneration of the fused regions occurs; 
(3) openings appear in the floor of the no- 
tochordal process, bringing the notochordal 
canal into communication with the yolk sac 
(Fig. 4-6B); (4) the openings rapidly become 
confluent and the floor of the notochordal 
canal disappears (Fig. 4-6C); (5) the remains 
of the notochorda!l process form a flattened 
grooved plate, known as the notochordal 
plate (Fig. 4-6D); (6) beginning at the cranial 
end, the notochordal plate infolds to form the 
notochord (Fig. 4-6F and G); (7) the embry- 
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Figure 4-5 Drawings illustrating early stages of notochord development. The small sketch at the upper left 
is tor orientation; the short arrow indicates the dorsal aspect ot the embryonic disc. A, Dorsal view of the 
embryonic disc during stage 7 (about 16 days), exposed by removal of the amnion. The notochordal process 
is shown as if it were visible through the embryonic ectoderm. B, C, and E, Sagittal sections at the plane shown 
in A, illustrating successive stages in the development ot the notochordal process and canal. Stages shown in 
C and £ occur during stage 8 (about 18 days). D and F, Transverse sections through the embryonic disc at 
the levels shown. 


prochordal plate 








cut edge of amnion 








eee ee ee 


A. 
neurol primitive primitive 
plate pit streak 
neurol neurenteric 
plote canal 
i , y 
é 
: 
& t 
ez) E 
{ 
‘level of 
] = 
orophoryngeal section D. 
membrone 
level of section G. 
notochord level of section F. 


J 
' 
I 
{ 
{ 
{ 
I 
I 
! 
! 
l 
l 
I 
! 
' 
! 
' 
I 
t 
‘ 












neurenteric 
conal 


/ 


cloacal 
membrone 


Figure 4-6 Drawings illustrating the final 


dise during stage 8 (about 18 days), expo 
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Figure 4-7 Drawings of embryos of 19 to 21 days (stages 8 and 9), illustrating development ot the somites 
and intraembryonic coelom. A, C, and E, Dorsal view of the embryo, exposed by removal of the amnion. 8, D, 
and F, Transverse sections through the embryonic disc at the levels shown. A, Presomite embryo of about 18 
days (stage 8). C, An embryo of about 20 days (stage 9) showing the first pair of somites. A portion of the 
somatopleure on the right has been removed to show the isolated coelomic spaces in the lateral mesoderm. 
E, A three-somite embryo during stage 9 (about 21 days} showing the horseshoe-shaped intraembryonic 
coelom, exposed on the right by removal of a portion ot the somatopieure. 
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onic endoderm again becomes a continuous 
layer ventral to the notochord (Fig. 4-62 and 
G): 

The notochord is the structure around 
which the vertebral column forms (see Chap- 
ter 15). It degenerates and disappears where 
it 1s surrounded by the vertebral bodtes, but 
persists as the nucleus pulposus of the in- 
tervertebral discs. 

The notochord also induces the overlying 
ectoderm to form the neural plate, the 
primordium of the central nervous system. 

A small passage, the neurenteric canal, 
temporarily connects the amniotic cavity and 
the yolk sac (Fig. 4-6C and E). By the end of 
the fourth week, the notochord is almost 
completely formed and extends from the 
oropharyngeal membrane cranially to the 
primitive knot caudally. When development 
of the notochord is completed, the neuren- 
teric canal normally obliterates. 


NEURULATION 


The Neural Tube (Figs. 4-3 and 4-5 to 
4-8). The formation of the neural plate, the 
neural folds, and their closure to form the 
neural tube is called neurulation. This period 
ends during developmental stage 12 at about 
26 days, when closure of the posterior 
neuropore occurs (see Fig. 5-8D). During 
neurulation, the embryo is sometimes re- 
ferred to as a neurula. 

As the notochord develops, the embryonic 
ectoderm over it thickens to form the neural 
plate (Figs. 4-38 and 4-5C and D). Experi- 
mental evidence (see Chapter 5) indicates 
that neural plate formation is induced by the 
developing notochord and the paraxial meso- 
derm on each side of it. The ectoderm of the 
neural plate, called neuroectoderm, gives 
rise to the central nervous system, consist- 
ing of the brain and the spinal cord. 

The neural plate first appears cranial to the 
primitive knot, and dorsal to the notochordal 
process and the mesoderm adjacent to it 
(Fig. 4-38). As the notochord forms and 
elongates, the neural plate broadens and 
eventually extends cranially as far as the 
oropharyngeal membrane (Fig. 4-3C). On 
about the eighteenth day, the neural plate 
invaginates along its central axis to form a 
neural groove with neural folds on each side 
(Figs. 4-3.D and 4-6 to 4-8). By the end of 
the third week, the neural folds have begun 
to move together and fuse, converting the 


neural plate into a neural tube (Figs. 4-7F 
and 4-8 D). 

The neural tube separates itself from the 
surface ectoderm, and the free edges of the 
ectoderm fuse so that this layer becomes 
continuous over the back of the embryo. 
Subsequently, the surface ectoderm differen- 
tiates into the epidermis of the skin. 

The Neural Crest (Figs. 4-8 and 18-8). 
As the neural folds fuse, some ectodermal 
cells lying along the crest of each neural fold 
lose their epithelial affinities and attachments 
to the neighboring cells. As the neural tube 
separates from the surface ectoderm, these 
mesoblastic neural crest cells migrate in- 
wardly and invade the mesoblast on each 
side of the neural tube. They appear as an 
irregular flattened mass, called the neural 
crest, between the neural tube and the over- 
lying surface ectoderm. Initially continuous 
across the midline, it soon separates into 
right and left parts that migrate to the dorso- 
lateral aspect of the neural tube, where they 
give rise to the sensory ganglia of the spinal 
and cranial nerves. Many mesoblastic neural 
crest cells begin to migrate in lateral and ven- 
tral directions and disperse. Although these 
cells are difficult to identify, special tracer 
techniques have revealed that they dissem- 
inate widely and have important derivatives. 

Neural crest cells give rise to the spinal 
ganglia and the ganglia of the autonomic 
nervous system. The ganglia of the cranial 
nerves (V, VII, IX, and X) are also partly 
derived from the neural crest. In addition to 
forming ganglion cells, neural crest cells 
form the sheaths of nerves (Schwann cells) 
and the meningeal covering of the brain and 
the spinal cord (at least the pia mater and 
arachnoid). They also contribute to the for- 
mation of pigment cells, the suprarenal (ad- 
renal} medulla, and several skeletal and mus- 
cular components in the head (see Chapter 
10 and Fig. I8~8). 

Congenital Malformations of the Cen- 
tral Nervous System. Because of the pri- 
mordium of the central nervous system 
(neural plate) appears during the third week 
and gives rise to the neural folds, disturbance . 
of neurulation may result in severe abnor- 
malities of the brain and spinal cord (see 
Fig. 15-19). 

Available evidence suggests that the pri- 
mary disturbances (e.g., a teratogenic drug) 
affect the neural epithelium itself and result 
in failure of closure of the neural tube in 
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Figure 4-8 Diagrammatic trans- 
verse sections through progressively 
older embryos, illustrating formation 
of the neural groove, the neural tube, 
and the neural crest up to the end of 
the fourth week. 
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the brain and/or the spinal cord regions. 
Extroversion of the neural tissue then 
occurs, and the exposed tissue degenerates. 
In anencephatly, the brain is represented by a 
mass of degenerated neural tissue exposed 
on the surface of the head (see Fig. 18-19). 

Allantots. The allantois (Gr. allantos, 
sausage) appears on about day 16 as a rela- 


tively tiny, finger-like outpouching or diverti- 
culum from the caudal wall of the yolk sac 
(Fig. 4-5B, C, and £). The allantois in em- 
bryos of reptiles, birds, and some mammals 
has a respiratory function and/or acts as a 
storage place for urine during embryonic life. 
The allantois remains very small in the 
human embryo, but it is involved with early 
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blood formation and is associated with devel- 
opment of the urinary bladder. As the 
bladder enlarges, the allantois becomes the 
urachus (see Chapter 13). 


DEVELOPMENT OF SOMITES 


As the notochord and the neural tube 
form, the intraembryonic mesoderm on each 
side of them thickens to form longitudinal 
columns of paraxial mesoderm (Fig. 4-7B). 
Each paraxial column is continuous laterally 
with the intermediate mesoderm, which 
gradually thins laterally into the /ateral mes- 
oderm. The lateral mesoderm is continuous 
with the extraembryonic mesoderm covering 
the yolk sac and the amnion. 

During stage 9 (about 20 days), the parax- 
ial mesoderm begins to divide into paired 
cuboidal bodies called somites (Gr. soma, a 
body). This series of mesodermal tissue 
blocks is located on each side of the develo- 
ing neural tube (Fig. 4-7C and D). The 
somites give rise to most of the axial skeleton 
(the skeleton of the head and trunk) and 
associated musculature, as well as to much of 
the dermis of the skin (see Chapters 15 and 
20). 

The first pair of somites develops a short 
distance caudal to the cranial end of the 
notochord, and subsequent pairs form in @ 
craniocaudal sequence. About 38 pairs of 
somites form during the so-called somite 
period (days 20 to 30); eventually, 42 to 44 
pairs develop (4 occipital, 8 cervical, 12 
thoracic, 5 lumbar, 5 sacral, and 8 to 10 
coccygeal pairs). The first occipital and the 
caudal 5 to 7 coccygeal somites disappear. 
The others give rise to the axial skeleton. 
The somites form distinct surface elevations 
(Fig. 4-7£) and are somewhat triangular in 
transverse section. A  slit-like cavity, the 
myocoele, appears within each somite (Fig. 
4-7 F), but it soon becomes occluded. 

During the somite period, the somites are 
used as one of the criteria for determining 
the embryo’s age (see Table 5-1). 


DEVELOPMENT OF INTRAEMBRYONIC 
COELOM 


The intraembryonic coelom first appears 
as a number of small, isolated coelomic 
spaces Within the lateral mesoderm and the 


cardiogenic mesoderm (Fig. 4-7A and B). 
These spaces soon coalesce to form a 
horseshoe-shaped cavity, the intraembryon- 
ic coelom (Fig. 4-7E), which is lined by 
flattened epithelial cells. These cells will 
form the mesothelium lining the peritoneal 
cavity. 

The intraembryonic coelom divides the 
lateral mesoderm into two layers (Fig. 44 
7D): a somatic (parietal) layer continuous 
with the extraembryonic mesoderm covering 
the amnion; and asplanchnic (visceral) layer 
continuous with the extraembryonic meso- 
derm covering the yolk sac. The somatic 
mesoderm and the overlying embryonic ec- 
toderm form the body wall, or somatopleure 
(Fig. 4-7F)}, whereas the splanchnic meso- 
derm and the embryonic endoderm form the 
splanchnopleure, or wall, of the primitive 
gut. 

During the second month, the intraem- 
bryonic coelom is divided into the body 
cavities: (1) the pericardial cavity, (2) the 
pleural cavities, and (3) the peritoneal cavi- 
fy. For a description of the division of the 
intraembryonic coelom, see Chapter 9. 


PRIMITIVE CARDIOVASCULAR SYSTEM 


Angiogenesis (Gr. angeion, vessel + gene- 
sis, production), or blood vessel formation, 
begins in the extraembryonic mesoderm of 
the yolk sac, the connecting stalk, and the 
chorion during stage 6 (13 to 15 days); em- 
bryonic -vessels begin to develop about two 
days later. The early formation of the cardio- 
vascular system is correlated with the ab- 
sence of a significant amount of yolk in the 
ovum and the yolk sac and the consequent 
urgent need for vessels to bring nourishment 
and oxygen from the maternal circulation. 

Blood and blood vessel formation may be 
summarized as follows: (1) Mesenchymal 
cells, known as angioblasts, aggregate to 
form isolated masses and cords known as 
blood islands (Fig. 4-9A to C); (2) spaces 
appear within these islands (Fig. 4-9); (3) 
angioblasts arrange themselves around the 
cavity to form the primitive endothelium 
(Fig. 4~9 £); (4) isolated vessels fuse to form 
networks of endothelial channels (Fig. 4- 
9F); and (5) vessels extend into adjacent 
areas by endothelial budding and by fusion 
with other vessels formed independently. 
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Figure 4-9 Successive stages in the development of blood and blood vessels. A, The yolk sac and a portion 
of the chorionic sac during stage 8 (about 18 days). 8, Dorsat view showing the embryo exposed by removing 
the amnion. C to F, Sections of blood islands showing progressive stages in the development of blood and 


blood vessels. 


Primitive plasma and blood cells develop 
from the endothelial cells as the vessels 
develop on the yolk sac and allantois (Fig. 
4-9F). Blood formation does rot begin 
within the embryo until the fifth week, when 
it first occurs in various parts of the embry- 
onic mesenchyme, chiefly in the liver and 
later in the spleen, the bone marrow, and the 
lymph nodes. Mesenchymal cells surround- 
ing the primitive endothelial vessels differen- 
tiate into the muscular and the connective 
tissue elements of the vessels. 


The primitive heart forms in a similar 
manner from mesenchymal cells in the 
cardiogenic area (Figs. 4-6B and 4-98). 
Paired, longitudinal endothelial channels, 
called endocardial heart tubes, develop be- 
fore the end of the third week and begin to 
fuse into the primitive heart tube. By the 
twenty-first day, the fusing heart tubes have 
linked up with blood vessels in the embryo, 
the connecting stalk, the chorion, and the 
yolk sac to form a primitive cardiovascular 
system (Fig. 4~10). The circulation of blood 
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has almost certainly started by the end of the 
third week. Thus, the cardiovascular system 
is the first organ system to reach a func- 
tional state. 


DEVELOPMENT OF CHORIONIC VILLI 


Shortly after the primary chorionic villi 
appear during stage 6 (see Fig. 3-6), they 
begin to branch. By the end of this stage 
(about 15 days), mesenchyme has grown into 
the villi, forming a core of loose connective 
tissue. The villi at this stage, called secon- 
dary chorionic villi, cover the entire surface 
of the chorion (Figs. 4-1f and 4-124 and 
B). Soon mesenchymal cells within the villt 
begin to differentiate into blood capillaries, 
forming an arteriocapillary venous network 


between stages 7 and 9 (embryos 15 to 20 
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days old). After blood vessels have developed 
in the villi, they are called tertiary chorionic 
villi (Figs. 4-10 and 4-12D). Vessels in 
these vill soon become connected with the 
embryonic heart via vessels that differentiate 
in the mesenchyme of the chorion and in the 
connecting stalk (Fig. 4-10). By the end of 
developmental stage 9 (about 21 days), em- 
bryonic blood begins to circulate through the 
capillaries of the chorionic villi. The villi ab- 
sorb nutriments from the maternal blood in 
the intervillous spaces and excrete wastes 
from the embryo tnto them. 

Concurrently, the cytotrophoblast cells of 
the chorionic villi penetrate the syncytiotro- 
phoblastic layer and join to form a cyto- 
trophoblastic shell (ig. 4-12C), which at- 
taches the chorionic sac to the endometrial 
tissues. Villi that are attached to the mater- 
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Figure 4-10 Diagram of the primitive cardiovascular system in an embryo during stage 9 of development 
(about 20 days), viewed from,the left side, showing the transitory stage of paired symmetrical vessels. Each 
heart tube continues dorsally into a dorsa/ aorta that passes caudally. Branches of the aortae are (1) umbilical 
arteries, establishing connections with vessels in the chorion; (2) vitefline arteries to the yolk sac; and (3) dorsal 
intersegmental arteries to the body of the embryo. An umbilical vein, returns blood from the chorion and 
divides into right and left umbilical veins within the embryo. Vessels on the yolk sac form a vascular plexus 
that is connected to the heart by viteHine veins. The anterior cardinal veins return blood from the head region. 
The umbilical vein is shown in red because it carries oxygenated biood and nutrients from the chorion 
{embryonic part of the placenta) to the embryo. The arteries are colored medium red to indicate that they are 
carrying partially deoxygenated blood and waste products to the chorion. 
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Figure 4-11 Photomicrograph of a section through the endometrium showing an implante 





d embryo (8), 


during stage 6 of development (about 15 days) (x15). Note the large chorionic cavity (A) and many secondary 
chorionic villi, especially at the embryonic pole (C). (Modified slightly from Leeson, C, R., and Leeson, Tf. So. 
Histology. 4th ed. Philadelphia, W. B. Saunders Co., 1981.) 


nal tissues via the cytotrophoblastic shell are 
called stem or anchoring villi. The villi that 


grow from the sides of the stem villi are 


called branch villi, and itis through them that 
the main exchange of material between the 
blood of the mother and the embryo takes 
place. 


SUMMARY OF THIRD WEEK 


Major changes occur as the bilaminar em- 
bryonic disc is converted into a trilaminar 
disc, composed of three germ layers. This 
process is called gastrulation. 

The Primitive Streak and Intraem- 
-bryonic Mesoderm (Figs. 4-1 and 4- 


2). The primitive streak appears towards 
the end of developmental stage 6 (about 15 
days) as a midline thickening of the embry- 
onic epiblast. It gives rise to cells that mi- 
grate ventrally, laterally, and cranially be- 
tween the epiblast and the hypoblast. As 
soon as the primitive streak has begun to 
produce these mesenchymal cells, the ept- 
blast layer is known as the embryonic ec- 
toderm, and the hypoblast is known as the 
embryonic endoderm. The cells produced by 
the primitive streak soon organize into a 
third germ layer, the intraembryonic meso- 
derm. 

Notochord Formation (Figs. 4-2, 4-3, 
4-5, and 4-6). The primitive knot gives 
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Figure 4-12 Diagrams illustrating further development of the chorionic villi and placenta. A, Sagittal 
section of an embryo during developmental stage 7 (about 16 days). 8, Section of a secondary chorionic villus. 
C, Section of an Implanted embryo during developmental stage 9 (about 21 days). D, Section of a tertiary 
chorionic villus. The fetal blood in the capillaries is separated from the maternal blood surrounding the villus 
by the placental membrane, composed ot the endothelium otf the capillary, mesenchyme, cytotrophoblast, 


and syncytiotrophoblast. 


rise to the cells that form the notochordal 
process during developmental stage 7 (about 
16. days). Cells from the primitive streak 
migrate to the edges of the embryonic disc, 
where they join the extraembryonic meso- 
derm covering the amnion and the yolk sac. 
By the end of the third week, mesoderm 
exists between the ectoderm and the endo- 
derm everywhere except at the oropharyn- 
geal membrane, in the midline occupied by 


the notochord (a derivative of the notochor- 
dal process), and at the cloacal membrane. 
The primitive pit extends into the noto- 
chordal process to form the notochordal 
canal. Openings develop in the floor of the 
notochordal canal that soon coalesce, 
leaving the notochordal plate. The noto- 
chordal plate infolds to form the notochord. 

Neural Tube and Neural Crest Forma- 
tion (Figs. 4-3 and 4-5 to 4-8). The 
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neural plate appears as a midline thicken- 
ing of the embryonic ectoderm, cranial to the 
primitive knot. A longitudinal neural groove 
develops, which is flanked by neural folds; 
these folds meet and fuse to form the neural 
tibe. The development of the neural plate 
and its infolding to form the neural tube is 
called neurnlation. As this process occurs. 
some cells migrate ventrolaterally to form 
the neural crest. 

Somite Formation (Fig. 4-7). The mes- 
oderm on each side of the notochord thick- 
ens to form a longitudinal column of paraxial 
mesoderm, Division of the paraxial meso- 
derm into pairs of somites begins cranially by 
the end of the third week. - 

Coelom Formation (Fig. 4-7). The in- 
traembryonic coelom arises as isolated 
spaces im the /ateral mesoderm and in the 
cardiogenic mesoderm, These coelomic 
Spaces subsequently coalesce to form a sin- 
gle, horseshoe-shaped cavity that eventually 
gives rise to the body cavities, 

Blood and Blood Vessel Formation 
(Figs. 4-9 and 4~10}. Blood vessels first 
appear on the yolk sac, around the allantois. 
and in the chorion. They develop within the 
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embryo Shortly thereafter. Spaces appear 


within aggregations of mesenchyme (blood 
islands}, which soon become lined with en- 
dothelium and unite with other spaces to 
form a primitive cardiovascular system. At 
the end of the third week, the primitive heart 
is represented by paired endocardial heart 
tubes that are jomed to blood vessels in the 
embryo and in the extraembryonic mem- 
branes. The primitive blood cells are derived 
mainly from the endothelial cells of blood 
vessels in the yolk sac and the allantois. 

Vill Formation (Fig. 4-12). Primary 
chorionic yilli become secondary chorionic 
vili as they acquire mesenchymal cores, 
Before the end of the third week, capillaries 
develop in the villi, transforming them into 
tertiary chorionic villi, Cytotrophoblastic 
extensions from the villi mushroom out and 
join to forma cytotrophoblastic shell that an- 
chors the chorionic sac to the endometrium. 
The rapid development of chorionic villi 
during the third week greatly increases the 
surface area of the chorion for the exchange 
of nutrients and other substances between 
the maternal and embryonic circulations, 
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CLINICALLY ORIENTED PROBLEMS 


1. A 30-year-old woman became pregnant two months after discontinuing use of 
the ‘pill’ (oral contraception), and then had an early spontaneous abortion. 
What might have caused the abortion? What would the doctor likely have told 
: the patient? 
2, A 25-year-old woman with a history of requiar menstrual cycles was five days 
i overdue on menses. Owing to her mental condition and the undesirabitity of 
a possible pregnancy, the doctor decided to do a “menstrual extraction,” 
or uterine evacuation. The tissue removed was examined for evidence of a 
pregnancy, What findings would indicate an early pregnancy? How old would 
the products of conception be? 
3. What major system undergoes early development during the third week? 
What severe congenital malformation might result from teratological factors 
= during this period of development? 
4 A female infant was born with a large tumor situated between the rectum and 
the sacrum. A diagnosis of protruding sacrococcygea!/ teratoma was made, 
and the mass was surgically removed, What is the probable embryological 
origin of this tumor? Explain why these tumors often contain various types of 
tissue derived from ail three germ layers. Does an infant’s sex make himorher ‘: 


more susceptible to the development of one of these tumors? a 
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The answers to these questions are given at the back of the book. 
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SUGGESTIONS FOR ADDITIONAL 
READING 


Billington, W. D.: Trophoblast; ix E. E. Philipp, J. 
Bames, and M. Newton (Eds.): Schentific Founda- 
tions of Obstretics and Gynecology. London, William 
Heineman, Ltd., 1970, pp. 159-167. A very good 
account of the trophoblast, explaining its important 
functions. Also discussed is how knowledge about 
the trophoblast has clinical applications in early 
pregnancy, especially with regard to the treatment of 
patients with pathological disorders of the trophoblast. 
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The embryonic period is a very important 
period of human development because the 
beginnings of all major external and internal 
structures develop during these five weeks. 
By the end of the embryonic period, all the 
main organ systems have begun to develop, 
but the function of most organs is minimal. 
As the organs develop, the shape of the 
embryo changes. Because the tissues and 
organs are developing, exposure of an em- 
bryo to teratogens during this period may 
cause major congenital malformations. Mor- 
phogenesis, the development of form, is an 
elaborate process during which many com- 
plex interactions occur in an orderly se- 
quence. 

A teratogen is an agent that produces or 
raises the incidence of congenital malforma- 
tions. These agents (e.g., drugs and viruses) 
have their effect during the stage of active 
differentiation of an organ or a tissue. Thali- 
domide, the best-known teratogen in 
humans, caused major fimb malformations 
and other congenital defects in infants whose 
mothers had ingested this drug during early 
pregnancy (also see Chapters 8 and 17). 


FOLDING OF THE EMBRYO 


The significant event in the establishment 
of general body form is folding of the flat 
trilaminar embryonic disc into a somewhat 
cylindrical embryo. This folding in both lon- 
gitudinal and transverse planes is caused by 








THE EMBRYONIC 


PERIOD 


Fourth to Eighth Weeks 


rapid growth of the embryo, particularly of 
the neural tube. The rate of growth at the 
sides of the embryonic disc fails to keep pace 
with the rate of growth along the long axis as 
the embryo increases rapidly in length. 
Although described separately in the fol- 
lowing sections, it must be emphasized that 
folding at the cranial and caudal ends and at 
the sides goes on simultaneously. Concur- 
rently, there is relative constriction at the 
junction of the embryo and the yolk sac. 


FOLDING OF THE EMBRYO IN THE 
LONGITUDINAL PLANE 


Folding of the ends of the embryo pro- 
duces head and tail folds that result in the 
cranial and caudal regions moving, or 
“swinging,” ventrally as if on hinges (Fig. 
5-1A,g to D,). 

The Head Fold (Fig. 5-2). At the end of 
the third week, the neural folds begin to 
develop into the brain and project dorsally 
into the amniotic cavity. Soon the forebrain 
grows cranially beyond the oropharyngeal 
membrane and overhangs the primitive 
heart. Concomitantly, the septum transver- 
sum (mesoderm cranial to the pericardial 
coelom), the primitive heart, the pericardial 
coelom, and the eropharyneeal membrane 
turn under onto the ventral surface. 

During folding, part of the yolk sac is 
incorporated into the embryo as the foregut; 
it lies between the brain and the heart and 





Figure 5-1 Drawings of embryos during the fourth week illustrating folding in both longitudinal and 
transverse planes. A,;, Dorsal view of an embryo at stage 10 {about 22 days}. The continuity of the 
intraembryonic coelom and extraembryonic coelom is illustrated on the right side by removal of a portion of 
the embryonic ectoderm and mesoderm. 8,, C, and D,, Lateral views of embryos at stages 11, 12, and 13 (about 
24, 26, and 28 days, respectively). A. to D., Longitudinal sections at the plane shawn in A,. A; to D;, Transverse 
sections at the tevels indicated in A, to D,. As the result of organ formation, the shape of the embryo changes, 


and major features of body form are established. 
70 
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Figure 5-1 See /jegend on opposite page. 
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Figure 5=2 Drawings of Jongitudinal sections of 
the cranial region of four-week embryos showing the 
effect of the head fold on the position of the heart 
and other structures. A, Stage 10 (22 days). 8, Stage 
12 (26 days). Note that the septum transversum, 
heart, pericardial coelom, and oropharyngeal mem- 
brane turn under onto the ventral surface. Observe 
atso that part of the yolk sac is incorporated into the 
embryo as the foregut. 


ends blindly at the oropharyngeal membrane 
(Fig. 5-28). This membrane separates the 
foregut from the stomodeum, or primitive 
mouth cavity. After folding, the septum 
transversum lies caudal to the heart, where it 
subsequently develops into the ventral part 
of the diaphragm (see Fig. 9-7). 

The head fold also affects the arrangement 
of the intraembryonic coelom. Before foild- 
ing, the coelom consists of a flattened 
horseshoe-shaped cavity (Fig. 5-1A,); after 
folding, the pericardial coelom Ites ventrally, 
and the pericardioperiioneal canals run dor- 
saily over the septum transversum and join 


the peritoneal coelom (Fig. 5-3B). At this 
Stage the peritoneal coelom on each side 
communicates widely with the extraem- 
bryonic coelom (Fig. $~3A and B). 

The Tail Fold (Fig. 5-4). Foiding of the 
caudal end of the embryo occurs a little later 
than that of the cranial end. The tail fold 
primarily results from dorsal and caudal 
growth of the neural tube. As the embryo 
grows, the tail region projects over the c/oa- 
cal membrane; eventually this membrane 
lies ventrally (Fig. 5—48). 

During folding, part of the yolk sac is 
incorporated into the embryo as the Aindgut 
(Fig. S-4B). The terminal part of the hindgut 
soon diljates slightly to form the cloaca; it is 
separated from the amniotic cavity by the 
cloacal membrane. Before folding, the primi- 
tive streak lies cranial to the cloacal mem- 
brane (Fig. S~4A); after folding, it lies caudal 
to this membrane (Fig. 5-4B). The connect- 
ing stalk now attaches to the ventral surface 
of the embryo, and the aflantois is partially 
incorporated into the embryo. 


FOLDING OF THE EMBRYO IN THE 
TRANSVERSE PLANE 


Folding of the stdes of the embryo pro- 
duces right and left lateral folds (Fig. 5-1A, 
to D,). Each lateral body wall, or soma- 
topleure, folds toward the midline, rolling 
the edges of the embryonic disc ventrally and 
forming a roughly cylindrical embryo. As the 
lateral and ventral body walls form, part of 
the yolk sac is incorporated into the embryo 
as the midgut (Fig. S-1D, and D,). Concur- 
rently, the connection of the midgut with the 
yolk sac is reduced to a narrow yolk stalk. 
After folding, the region of attachment of the 
amnion to the embryo is reduced to a rela- 
tively narrow region, the umbilicus, on the 
ventral surface. 

As the midgut is separated from the yolk 
sac, it remains attached to the dorsal abdom- 
inal wall by a thick dorsal mesentery (Fig. 
5~1D,). As the umbilical cord forms, ventral 
fusion of the lateral folds reduces the region 
of communication between the intraem- 
bryonic and extraembryonic coeloms to a 
narrow communication that persists until 
about the tenth week (see long arrow in Fig. 
5~1D,). As the amniotic cavity expands and 
obhterates the extraembryonic coelom, the 
amnion forms the epithelial covering for the 
umbilical cord (Figs. 5—LD. and 7-17). 
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Figure 5-3 Drawings illustrating the effect of the head fold on the intraembryonic coelom. A, Lateral view of 
an embryo at stege 11 (24 to 25 days) during folding, showing (1) the large forebrain, (2) the ventral position of 
the heart, and (3} the communication between the intraembryonic coelom and the extraembryonic coelom. 8, 


Schemetic drawing of an embryo et stage 12 (26 to 27 days) after folding, showing (1) the pericardial cevity 
ventrally, (2) the pericardioperitoneai canals running dorsally on each side of the foregut, and (3) the peritoneal 


cavity in communication with the extraembryonic coelom. 
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Figure 5-4 Drawings of /ongitudinal sections of the caudal area of four-week embryos, showing the effect 
of the tail fold on the position of the cloacal membrane and other structures. A, Stage 12 (26 to 27 days). Note 
that part of the yolk sac is incorporated into the embryo as the hindgut, and that the terminal part of the hindgut 
soon dilates to form the cloaca. Observe the change in position of the primitive streak, the allantois, the cloacal 


membrane, and the connecting stalk. 
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Figure 5-5 Scheme iltustrating the arigin and derivatives af the three germ layers. The cells of these layers 
make specific contributions to the formation of the different tissues and organs. 
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GERM LAYER DERIVATIVES 


The three germ layers (embryonic ecto- 
derm, mesoderm, and endoderm) give rise to 
all the tissues and organs of the embryo. In 
addition to the derivatives shown in Figure 
5-5, other tissues may originate from these 
germ layers under different normal or experi- 
mental influences; i.e., the specificity of the 
germ layers is not rigidly fixed. The cells of 
each germ layer divide, migrate, aggregate, 
and differentiate in rather precise patterns as 
they form the various organ systems. Tissues 
that develop from the different germ layers 
are commonly associated in the formation of 
an organ (organogenesis). 
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In general, the main germ layer derivatives 
are as follows: 

ECTODERM. This layer gives rise to the 
central nervous system (brain and spinal 
cord), the peripheral nervous system, the 
sensory epithelia of the eye, the ear, and the 
nose, the epidermis and its appendages (hair 
and nails), the mammary glands, the hypo- 
physis (pituitary gland), the subcutaneous 
glands, and the enamel of teeth. 

Neural crest ceils, derived from ectoderm 
(see Figs. 4-8, 5-5. and [8-8), give rise to 
the following: cells of the spinal, cranial, and 
autonomic ganglia; ensheathing cells of the 
peripheral nervous system; pigment cells of 
the dermis; muscle, connective tissues, and 
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Figure 5-6 Diagrams illustrating various developmental processes used to form A, Tubes (e.g., neural tube}, 
B. Vesicles (e.g., optic vesicle}, and C, Ducts (e.g., semicircular duct); and te divide 0, Tubular structures (e.g., 


large blood vessels}. 


76 THE EMBRYONIC PERIOD 


bone of branchial arch origin (see Chapter 
10); the suprarenal (adrenal) meduila, and 
the pia-arachnoid (leptomeninges) 

MESODERM. This layer gives rise to car- 
tilage, bone and connective tissue, striated 
and smooth muscles, the heart, blood and 
lymph vessels and cells, the kidneys, the 
gonads (ovaries and testes) and the genital 
ducts, the serous membranes lining the body 
cavities (pericardial, pleural, and peritoneal), 
the spleen, and the cortex of the suprarenal 
(adrenal) gland. 

ENDODERM. This layer gives rise to the 
epithelial lining of the gastrointestinal and 
respiratory tracts, the parenchyma of the 
tonsils, the thyroid gland, the parathyroid 
glands, the thymus, the liver, and the pancre- 
as, the epithelial lining of the urinary bladder 
and the urethra, and the epitheltal lining of 
the tympanic cavity, the tympanic antrum, 
and the auditory tube. 


CONTROL OF DEVELOPMENT 


Development results from genetic plans 
contained in the chromosomes. The genetics 
of human development is a subject that is 
still very poorly understood (Thompson and 
Thompson, 1980). Much of our knowledge of 


human development. has come from studies ~ 


in animals, because there are ethical prob- 
lems associated with the use of human em- 
bryos for laboratory studies. 

Most developmental processes depend 


upon a precisely coordinated interaction of. 


genetic and environmental! factors. There are 
several control mechanisms that guide dif- 
ferentiation and ensure synchronized devel- 
opment, ¢e.g., tissue interactions, regulated 
migrations of .celis and cell colonies, con- 
trolled proliferations, and cel! death. Each 
system of the body has its own developmen- 
tal pattern, but most processes of morpho- 
genesis are similar and are relatively simple 
(Fig. 5-6). Underlying all these changes are 
basic inducing and regulating mechanisms. 
Induction. For a limited time during 
early development, certain embryonic tis- 
sues markedly influence the development of 
adjacent tissues. The tissues producing these 
influences or effects are called inductors or 
organizers. Induction involves .two tissues: 
(1) the inducing tissue or inductor, and (2) 
the induced tissue. In order to induce, an 
inductor must be close to, but not necessari- 


ly in contact with, the tissue to be induced. 
In birds, and probably in humans, the primi- 
tive streak, the notochord, and the paraxial 
mesoderm act as primary organizers of the 
central nervous system (Fig. 5-7). 

Once the basic embryonic plan has been 
established by primary inductors, a chain of 
secondary inductions occurs. Development 
of the eye is a good example (Fig. 5—-6B): (1) 
development of the forebrain is induced by 
primary organizers, probably the notochor- 
dal process and the paraxial mesoderm; (2) 
the forebrain then reacts to the secondary 
inductive action of adjacent mesenchyme, 
producing an evagination called an optic 
vesicle, which soon becomes an optic cup, 
the primordium of the eye; (3) next the optic 
vesicle induces the adjacent surface ecto- 
derm of the head to thicken into a lens 
placode (Figs. 5-6B and 5~8E), which soon 
invaginates to form a lens vesicle, the pri- 
mordium of the lens, and (4) the lens induces 
the epidermis over it to become the corneal 


epithelium (see Chapter 19). 


The nature of the inductive agents is not clearly 
understood at present, but it is generally accepted 
that some substance (protein in nature) passes 
from the inducing tissue to the. induced tissue. 
Yamada (1967) states, ‘‘The possibility is not 
completely excluded that a group of small mole- 
cules are the real factors and are carried by some 
Specific macromolecules.’’ The observation that 
treatment of inducing substances with trypsin and 
pepsin destroys their inductive action has led to 
the conclusion that inducing substances are prob- 
ably bound to proteins or ribonucleoproteins. For | 
more information on the morphological and bio- 
chemical aspects of differentiation, see Balinsky 
(1975). 


HIGHLIGHTS OF THE EMBRYONIC 
PERIOD 


The details of organ formation are given 
with discussions of the various systems (see 
Chapters !]1 to 20). The following descrip- 
tions summarize the main developmental 
events and changes in external form. Useful 
Criteria for estimating developmental stages 
in human embryos are listed in Table 5-1. 

The Fourth Week (Stages 10 to 
13). During stage 10 of development (22 to 
23 days), the embryo is almost straight and 
the somites produce conspicuous surface 
elevations (Figs. 5-8A and B and 5-9). By the 
end of stage 10, the neural tube is closed 
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Figure 5-7 A and 8, Dorsal views of avien embryonic discs illustrating experimental induction of the neural 
plate, ©, Dorsal view of an embryo showing a normal and an induced neural tube. D, Transverse section 
through the embryo at the level shown, illustreting the secondary neural tube that wes induced by the 
trensplented piece of notochord. (Based on experiments by Waddington, 1952.) 


opposite the somites but is widely open at 
the rostral and caudal neuropores (Fig. 5- 
OI i 
By stage 11 of development (about 24 
days), the first (or mandibular) and the. sec- 
ond (or hyoid) branchial arches are distinct 
(Figs. 5-8C, 5-10 and 5-11). The major por- 
tion, or mandibular prominence, of the first 
arch will give rise to the lower jaw, or man- 
dible, and a rostral extension of it, the maxil- 
lary prominence, will contribute to the upper 
jaw, or maxilla (see Fig. 10-20). A slight 
curve is produced in the embryo by the head 
and tail folds, and the heart produces a large 
ventral prominence (Figs. 5~8C and 5-10). 

Three pairs of branchial arches are visible 
by stage 12 of development (about 26 days) 
(Figs. 5-8D and 5-12), and the rostral neuro- 
pore is closed. The forebrain produces a 
prominent elevation of the head, and flexion, 


or folding, of the embryo in the longitudinal 
plane has given the embryo a characteristic 
C-shaped curvature. Narrowing of the con- 
nection between the embryo and the yolk sac 
has been produced by folding in the trans- 
verse plane (Fig. 5-1C,). The upper limb 
buds also become recognizable as small 
swellings on the ventrolateral body walls 
during stage 12 (Fig. 5-8D). The ofic pits, the 
primordia of the inner ears, are also clearly 
visible. 

The fourth pair of branchial arches and the 
lower limb buds are present by stage 13 of 
development, about 28 days (Figs. 5-8F and 
5-13). Lens placodes, ectodermal thicken- 
ings indicating the future lenses of the eyes, 
are visible on the sides of the head. By the 
end of the fourth week, the affenuated tail 
with its somites is a characteristic feature 
(Fig. 5-13). 


Pext continued on page 85 
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TABLE 5-1 CRITERIA FOR ESTIMATING DEVELOPMENTAL STAGES IN 
HUMAN EMBRYOS 

Age* Figure Carnegie No. of Length 

(Days) Reference Stage Samtites Gam)y Main Characteristics? 

20-21 5-1A, 9 1-3 1.5~3.0 Deep neural groove and first somites 
present. Head fold evident. 

22-23 5-8A 10 4-12 2.0~ 3.5 Embryo straight or slightly curved. 

5-88 Neural tube forming or formed -op- 

5-9 posite somites, but widely open at 

rostral and caudal neuropores. First and 

second pairs of branchial arches visible. 

24~25 5-8C 11 13-20 2.5- 4.5 Embryo curved owing to head and tail 

° 5-10 folds, Rostral neuropore closing. Otic 

5-11 placodes present. Optic vesicles formed. 

26-27 5-8D 12 21-29 3.0- 5.0 Upper limb buds appear. Caudal neuro- 

5-12 pore closing or closed. ‘Three pairs of 
branchial arches visible. Heart promi- 
nence distinct. Otic pits present. 

28-30 5-8E 13 30-35 4.0- 6.0 Embryo has C-shaped curve. Upper 

5-13 limb buds are flipper-like. Four pairs of 
branchial arches visible. Lower limb 
buds appear, Otic vesicles present. 
Lens placodes distinct. Attenuated fai 
present, 

31-32 §-14A 14 3 5.0- 7.0 Upper limbs are paddle-shaped. Lens 
pits and nasal pits visible. Optic cups 
present. 

33-36 5-l14B 15 7.0- 9.0 Hand plates formed. Vens_ vesicles 
present. Nasal pits prominent. Lower 
limbs are paddle-shaped. Cervical sinus 
visible. 

37-40 16 8.0-11.0 Foot plates formed. Pigment visible in 

retina. Auricular hillocks developing. 

41-43 §-14C 17 11.0~14.0 Digital, or finger, rays appear. Auricular 

5-15 hillocks outline future auricle of ex- 
ternal ear. Trunk beginning to straighten. - 
Cerebral vesicles prominent. 

44-46 5-16 18 13.0-17.0 Digital, or toe, rays appearing. Elbow 
region visible. Eyelids forming. Notches 
between finger rays. Nipples visible. 

47-48 5-17A 19 16.0-18.0 Limbs extend ventrally. Trunk elongat- 

5-18D ing and straightening. Midgut herniation 
prominent. 

A9=5] 5-178 20 18.0-22.0 Upper limbs longer and bent at elbows. 

5-188 Fingers distinct but webbed. Notches 
between toe rays. Scalp vascular plexus 
appears. 

52-53 §-19A 2) 22.0~24.0 Hands and feet approach each other. 
Fingers are free and tonger. Toes 
distinct but webbed. Stubby tail present. 

54-55 27 23.0-28.0 Toes free and longer. Eyelids and 
auricles of external ears are more de- 
veloped. 

56 5-198 23 27.0-31.0 Head more rounded and shows human 

§~20 characteristics. External genitalia still 


have sexless appearance. Distinct bulge 
still present in umbilical cord; caused 
by herniation of intestines. Tail has 
disappeared. 


i a Akh a nid 


See footnotes on facing page 
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Figure 5-8 Drawings of four-week embryos. A and 8, Dorsai views of embryos during stage 10 of 
development (22 to 23 days) showing 8 to 12 somites, respeclively. C, D, and £, Lateral views of embryos during 
stages 11, 12, and 13 of development (24 to 28 days) showing 16, 27, and 33 somites, respectively. 





*There is still uncertainty about the age of embryos in some embryonic stages, The ages given by Streeter (1951) 
were based on comparison with macaque embryos and are now known to be inaccurate for stages 14 to 23. For 
example, embryos at stage 23 are now generally believed to be at feast 56 days and not 47 + 1 days.as described 
by Streeter, 

+The embryonic lengths indicate the usual range, but do not indicate the full range within a given stage, especially 
when specimens of poor quality are included (O’Rahilly, 1973). In stages 10 and 11, the measurement ts greatest 
length (GL); in subsequent stages crown-rump (CR) measurements are given (Fig, 5-21). 

+Based on Streeter (1942, 1945, 1948, and 1951}, O’Rahiffy (1973), and Nishimura et al. (1974), 

§At this and subsequent stages, the number of somites ts difficuft to determine and so is not a useful criterion, 








A 





Figure 5~9 Photographs of embryos during stage 10 of development (22 to 23 deys). In A, the embryo is 
essentially stralght, wherees the embryo in B is slightly curved. In A, the neural groove is deep and is open 
throughout its entire extent. About one half of the longitudinal extent of the groove represents the future breln. 
InB, the neural tube has formed opposite the somites but is widely open at the rostrel and caudal neuropores. 
Compare with Figure 5-84. (Courtesy of Professor Hideo Nishimura, Kyoto University, Kyoto, Jepan } 





Figure 5-10 Photograph of an embryo during stage 
11 of development (24 to 25 days}. Ten of the 13 pairs of 
somites are easily recognized. The embryo is curved 
owing io folding at the cranial and caudai ends. The ros- 
tral neuropore is almost closed, and the caudal neuropore 
is closing. (Courtesy of Professor Hideo Nishimura, Kyoto 


University, Kyoto, Japan.) 
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AL-MUDGHAH* igi 


Chewed-Like Substance 


The embryo at 24-25 days is in the Alaqah 
stage (fig. 5-10). It changes into the Mudghah 
stage (fig. 5-12) at 26-27 days, also see table 
5-1, p. 78. This quick change is described in the 
Qur’an by using the conjunction ( 3 ) “FA” 
which in Arabic indicates a quick sequence of 
events. 


ae oe te a cae 
€ a eed glial 3 ) 
VE al Ope ght Gy pe 


“Then we change the leech-like 
structure into a chewed-like subs- 
tance”. 

(Surah Al-Mu’minun, Ayah 14) 


Fig. 5-12 shows the embryo in the Mudghah 
stage which resembles a chewed substance in 
having irregular surface showing somites, 
resembling teeth prints on a substance which 
has been chewed. 


The Mudghah stage in Fig. 5-8 also shows 
changes in shape while maintaining the 
appearance of somites resembling the teeth 
prints. 

The Qur’an describes Mudghah to be 
consisting of differentiated and undifferentia- 
ted components. 


Pi 
. y a a 
Pet 3 > J ae ss 


OU abla) po 
“Then out of a_ chewed-like 
substance partly differentiated and 
partly undifferentiated”. 
(Surah Al-Haj, Ayah 5) 


This superb Our’anic Ayah for an embryo of 


about 1 cm. gives a description of its internal 


state by explaining that although the anlage of 
all organ systems have formed, their function 
has yet to appear. The organs and systems are 
partly differentiated and partly undifferentia- 
ted. As more and more differentiation occurs, 
the functions appear accordingly. 

ee er ae 


El GE ee force ai : 
(... tithe 5 aloes < Be oes eh OR % 


Vt Ui op Hayy 

“Then of that leech-like structure 
we made a chewed-like substance, 
then we made out of that chewed- 


like substances a skeleton (bones)” 
(Surah Al-Mu’minun, Ayah 14) 


Thus the Qur’an has given a clear sequence 
of development by describing the changes of 
‘Alaqah to Mudghah and Mudghah to 
Skeleton. This sequence is supported by 
present day Embryology. 


* See also Keith L. Moore (1982), 7th Saudi Medical Conference Proceedings. 
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Figure 5-11 Photograph of a 3.1-mm human embryo with 13 somites during stage 11 of development (24 to 
25 days). The embryo fies within its amniotic sac and is attached to the chorion by the connecting Stalk, Note 
the well-developed chorionic villi. (Courtesy of Professor E. Biechschmidt, University of Gottingen, Gottingen, 


West Germany.) 
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Figure 5-12 A, Photograph of an embryo in its amniotic sac during stage 12 of deveiopment (26 to 27 days). 
The embryo was exposed by opening the chorionic sac’'{x5). 8B, Higher magnification of the 3.5-mm 


eee length) embryo (x 18). Aithough present, the u pper iimb bud (Fig. 5-8D) is not visible in this pho- 
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Figure 5-13 Photograph of an 
embryo during stage 13 (28 days). 
The embryo has a charecteristic 
C-shaped curvature, four branchial 
erches, and upper end lower Jimb 
buds. The Jower limb bud (Fig. 
5-8E) is not recognizable in this 
photogreph, The heert prominence 
is easily recognized. The ventraily- 
curled attenueted teil, with its so- 
mites, is e cherecteristic feature of 
this stage. (Courtesy of Professor 
Hideo Nishimura, Kyoto University, 
Kyoto, Japan.) 
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Figure 5-14 Drawings of lateral 

elbow views of embryos during the fifth and 

sixth weeks. A, Stage 14, 8B, Stage 15. 

C, Stage 17. Note that the tail Is under- 

ieee pa going retrogressive changes. Com- 
pare with Fig, 5-13. 
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THE FIRST FORTY DAYS" 


JAM‘A ALKHALQ (Compilation) (_ gLédi az) 


In an embryo of 40 days which is about | cm. 
long all the main organ systems have their 
anlage gathered together as mentioned in the 
Hadith (Sulman and Azzindani, 1983). 


«... CUS fe as 
¢ us 3 bed Spt go jbudhs — nal wh — not oe} 
“In every one of you all 
components of your creation are 
gathered together by 40 days andin 
that it is an “‘Alaqah” like that, 
then in that it is a ““Mudghah” like 
that”. 

(Muslim: Kitab Al-Qadar and 
Bukhari, but without the words “in that” 


Jam‘a Al-Khalg ( Gei eer ) is a 
comprehensive word and covers the following: 

1. Meeting of the sperm and ovum 

2. Meeting of the maternal and paternal 
chromosomes at fertilization. 

3. Appearance of the anlage of all organs 
and systems 

4, The organs and systems appear collected 
in asmall areai.e. in an embryo of about 
1 cm. long. 

5. The embryo is curved in “C” shaped 
manner so that its various parts are 
nearer to each other. 

All the above events happen in the first 40 

days. 

According to this Hadith when organs and 
systems have developed during the first 40 
days period, the embryo has also passed 
through the complete “‘Alaqah” and 
“Mudghah” stages during the same period. 

The above Hadith, however, had been 
interpreted to mean that each of the stages 
took 40 days in sequence. However, there is 
another Hadith which explicitly states that the 


stage of creation of the specific differentiated 
organs start after the first 42 days. 


O Ea WS Ssiily ok Uy 1 » 
Uapaly Yaa Gey ¢ ap iad Se 
al GEST 5G: SB ales yar!) Wee j 

« OU Cay; ete aj eis ae 
( AB OLS om plier oly 


“When forty-two nights have 
passed over the “drops” Allah 
sends an angel to it, who shapes it 
and makes its ears, eyes, skin, flesh 
and bones. Then he says, O! Lord, 
ts it male or female? and your Lord 
decides and the angel records it”. 
(Muslim: Kitab Al-Qadar) 


This Hadith indicates that the Nutfah, 
‘Alaqah and Mudghah stages are completed 
before 42 days. Further, the bones stage which 
follows the Mudghah (Ayah 14, Al- 
Mu’minun) is now stated to occur after 42 days 
according to this Hadith. If the interpretation 
of the first Hadith is correct this will mean that 
the bones appear after 120 days. The Hadith 
used the phrase “like that” which can be 
interpreted as a repetition of the time period 
or as a repetition of the completion of form in 
each of the stages of ‘Alaqah ahd Mudghah. 
Thus the phrase is “Mujmal” general; but in 
the second Hadith it is explicitly (Mubayyan) 
stated that the bones start to differentiate after 
42 days. The rule followed by Muslim scholars 
interprets the “Mujmal” in the light of 
“Mubayyan” which clarifies the generalisation 
and gives the specific meaning and intention of 
the speaker. 

As early as 651 A.H. Ibn Azzamlakani had 
reached the conclusion that the stages of 
‘Alagah and Mudghah were completed during 
the first forty days: 


* See also Joe Leigh Simpson & Abdul-Majeed A. Azzindani (1983), 8th Saudi Medical Conference Proceedings. 
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Ibn Azzamlakani states: “Then he becomes 
‘Alaqah like that” meaning that in the 40 days 
mentioned the conceptus will be ‘Alaqah 
which is completely and perfectly formed 
within the perfection which is possible for it. 
Thus they are equal in completion in its 
generality and not in particularities. “Then he 
becomes Mudghah like that” i.e. in its own 
share of the 40 days also completely formed as 
the complete human being is perfectly formed. 
In Arabic usage, it can be said that a man 
changes during his life and this can be 
explained by saying: then be becomes an 
infant, then he is weaned, then he is a child, 
then he is a youth, then he becomes middle 
aged, then he becomes an old man, then HE, 
ALLAH, decides that he dies after that”. 
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Figure 5-15 A, Photograph of an embryo in its amniotic sac, exposed by opening the chorionic sac (x2). B, 
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Higher magnification of the 12-mm (crown-rump length) embryo during stage 17 (41 to 42 days) (x6). Note the 
large size of the head compared with the rest of the body, and the prominence of the cerebral vesicles, the 


primordia of the cerebral hemispheres. 


The Fifth Week (Stages 14 and 
15). Changes in body form are minor com- 
pared with those that occur during the fourth 
week, but growth of the head exceeds that of 
other regions (Fig. 5-14A and B). This exten- 
sive head growth is caused mainly by the 
rapid development of the brain. The face 
soon contacts the heart prominence (Fig. 
5-144). The second, or hyoid, arch over- 
grows the third and fourth arches, forming an 
ectodermal depression known as the cervical 
sinus (Fig. 5-14B). The upper limbs begin to 
show some regional differentiation as the 
hand plates develop. 

The Sixth Week (Stages 16 and 
17). The limb buds show considerable re- 
gion differentiation, especially the upper 
limbs (Fig. 5-14C). The elbow and wrist 
regions become identifiable, and the paddle- 
shaped hand plates develop ridges, called 
digital, or finger, rays, indicating the future 
digits (fingers and thumb). Note that de- 
velopment of the lower limb occurs some- 
what later than that of the upper limb. 

Several small swellings develop around 
the branchial groove between the first two 
branchial arches (Fig. 5-14C); this groove 
becomes the external acoustic meatus, and 
the swellings eventually fuse to form the 
auricle of the external ear (see Fig. 19-17). 
Largely because retinal pigment begins to 


appear, the eye becomes more obvious 
(Figs. 5-14C and 5-158). 

The head is now much larger relative to 
the trunk and is more bent over the heart 
prominence (Fig. 5-15B). This head position 
results from bending (cervical flexure) of the 
brain in the cervical region. The trunk and 
neck have begun to straighten. The somites 
are visible in the lumbosacral region until the 
middle of the week, but are not useful cri- 
teria for estimating age at this time. 

The Seventh Week (Stages 18 and 
19). The communication between the prim- 
itive gut and the yolk sac has been reduced to 
a relatively small duct, the yolk stalk (Fig. 
5-16). The intestines enter the extraem- 
bryonic coelom in the proximal portion of 
the umbilical cord; this is called umbilical 
herniation. 

The limbs undergo considerable change 
during the seventh week. The upper limbs 
project over the heart (Figs. 5-16 and 5 
174A). Notches appear between the digital 
rays in the hand plates, indicating the future 
digits (Fig. 517A). 

The Eighth Week (Stages 20 to 23). At 
the beginning of the final week of the embry- 
onic period, the digits of the hand are short 
and noticeably webbed (Figs. 5-17B and 
5_18B). Notches are visible between the dig- 
ital, or toe, rays, and the tail is still visible, 
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yolk sac yolk stalk 


Figure 5-16 A, Photograph of an embryo during stage 18 (44 to 46 days) in its amniotic sac, exposed by 
opening the chorlonic sac (<2.8). B, Higher magnification of the 14-mm (crown-rump length) embryo (x5). 
Note the low position of the ear at this stage and the notches between the finger rays (Fig. 5-14C) in the hand 
plate. 
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Figure 5-17 Drawings of lateral views of embryas during stages 19 (48 days) and 20 (51 days). A, Note that 
the limbs extend ventrally and that there are notches between the finger rays. B, Observe the short, stubby 
fingers with webbing between them. Beginning at stage 20, the position of the scalp vascular plexus 
(subcutaneous capillary plexus) is a goad indicator of the stage of development. 
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IZAM STAGE” 
BONES STAGE 


THE SEVENTH WEEK 


The Qur’an uses specific terms te discribe 
different stages. It is observed that the shape 
of the embryo determines the selection of the 
term used for each stage, e.g. the Nutfah 
changes to ‘Alaqah when it loses its drop-like 
appearance. Similarly the ‘Alaqah changes to 
Mudghah according to the change in shape. 

It is mentioned in the Qur’an: 


( Ane cea 3 ) 
V8 yee 3p 


“Then we made out of that chewed- 
like substance bones” 
(Surah Al-Mu’minun, Ayah 14) 


alball dle 


Accordingly the stage which follows the 
Mudghah stage will be called the bones (Izam) 
stage for the same reason. 

The anlage of the skeleton (Fig. 15-13 
C&D) which formed in the embryo during the 
“Mudghah stage” {between 25-40 days) 
transforms into cartilaginous models 
indicating the shape of future bones. Thus, the 
shape of the embryo changes from “Mudghah 
shape” to one determined by the form of the 
skeleton. The embryo ts now in the Bones 
(Izam) stage (Fig. 15-13 E). 

In the bones stage, various organs take up 
new positions in relation to the growth of the 
skeleton. This stage is of special significance in 
that it gives the embryo human features. For 
more information on bone development see 
page 356a. 


* See also Keith L. Moore (1982), 7th Saudi Medical Conference Proceedings. 
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CLOTHING WITH FLESH’ 


STAGE OF ALKISA’A BILLAHM, MUSCLES pel st! a> » 


(ei a) 
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“Then We clothed the bones with 
leslie: > 
(Surah Al-Mu’minun, Ayah 14) 


The above Ayah explicitly states that the 
bones are formed first and that this is followed 
by the formation of flesh or muscles which 
take their position around the bones (clothing 
the bones). the primordia of both the bone and 
muscle are formed during the first 40 days (see 
fig. 15-5) in the form of myotomes and 
selertomes. The primordia do not have the 
shapes or forms of bones or muscles. The 
whole embryo at this stage does not have a 
human appearance. 

During the seventh week-the skeleton 
begins to spread throughout the body and the 
bones take their familiar shapes. The embryo 
then starts to acquire the human appearance. 


At the end of the seventh week and during 
the eighth week the muscles take their 
positions around the bone forms, “definitive 
muscles of trunk, limbs and head are well 
represented and fetus 1s capable of some 
movement”. 

With the completation of this stage 
“Alkisa’a Billahm” at the end of the eighth 
week the embryo becomes a fetus and thus the 
stage of Nash’ah begins as stated by the 
remainder of the above Ayah. 
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“Then We clothed the bones with 
flesh; then We developed out of 
him another creature. So blessed be 
Allah, the best to create’’. 

(Surah Al-Mu’minun, Ayah 14) 


* See also Keith L. Moore (1982), 71h Saudi Medical Conference Proceedings. 
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AFTER THE 42nd DAY" 


Figs. 5-16 to 5-20 show the embryo after 42 
days. The developmental events after 42 days 
are described in the Hadith: 


iil La WY iN) cts ULB je 21 » 
rely Ya Gy tapped Se gl 
ai GSN Ss I a itlees Qasls Wake j 

« Sil! 25 stb 2h) cad oi 
( hdl AS = plies thy) ) 


“When forty two nights have 
passed over the Nutfah, Allah 
serids an angel to it, who shapes it 
and makes its ears, eyes, Skin, flesh 
and bones, Then he says, “O Lord! 
Is it male or female?” And your 
Lord decides what He wishes and 
then the angel records it”. 

(Muslim: Kitab Al-Qadar) 


By the beginning of the seventh week of 
development the embryo has acquired a 
skeleton, mostly cartilaginous, which gives 
form to the body of the embryo and recogniz- 
able human characteristics. After the 42nd 
day, the limb buds are longer with differentia- 
ted fingers and toes. The tail bud; which was 
previously conspicuous, has regressed almost 
completely. 


coy Vig QU asd be 


The eyes migrate from the sides to their 
definitive position and the primordia of the 
face merge to confer human features. 

The anlage of the eyes and ears make their 
appearance before the seventh week, but they 
do not have a human appearance as yet. After 
the 24th week, the fetus can hear sound, and 
by the 28th week, the retina becomes sensitive 
to light. External, middle and internal parts of 
the ear are formed after the 42nd day and then 
acquire its function and recognizable human 
shape. 

The skeletal system, muscles and skin are 
fully developed and with recognizable human 
characteristics after the 42nd day. The skin is 
differentiated into epidermis and hypodermis, 
more characteristic of the adult by 12 weeks. 
(Persaud and Azzindani, 1983). 

According to the description on page 88 of 
this book the embryo has now unquestionably 
human characteristics. 

During the 4th week the anlage of the 
external genitalia appear and not until the 9th 
week do they show any distinguishing sexual 
characteristics. The male fetus can be clearly 
distinguished from the female only by the 12th 
week (Persaud and Azzindani, 1983). 

According to the Hadith, while all other 
organs and systems are well formed and have 
acquired human characters, the morpholo- 
gical appearance of the external genitalia (by 
which sex can be identified with the naked 
eye) is not distinct enough to permit sexual 
indentification (see page 88). The Angel 
asking about the sex is a reference to this fact. 


* See aiso T.V.N. Persaud & Abdul-Majeed A. Azzindani (1983), 8th Saudi Medical Conference Proceedings. 
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Figure 5-18 A, Photograph of an embryo in its amniotic sac, exposed by opening the chorionic sac (x2). 8, 
Higher magnification of this 18.5-mm (crown-rump length} embryo during stage 20 (49 to 51 days) {x7). Note 
the webbed fingers and the notches between the toe rays. C, Photograph of a slightly younger six-week embryo, 
exposed by removal from the chorionic and amniotic sacs (<4). D, Higher magnification of this 18-mm 
(crown-rump tength} embryo at stage 19 (47 to 48 days) (<7). The large ventral abdominal prominence is 
caused mainly by the liver: most of the intestine is in the proximal portion of the umbilical cord. 
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A. webbed toes 


B. 


Figure 5-19 Drawings of lateral views of embryos during the eighth week. A, Stage 21 (52 days). 8, Stage 23 
(56 days). Note its human characteristics and that the scalp vascular plexus is near the vertex, or crown, of the 


head. 


but it is stubby (Fig. 5-19A). The scalp 
vascular plexus has appeared and forms a 
characteristic band around the head (Fig. 5- 
17B). 

By the end of the eighth week, the regions 
of the limbs are apparent, the fingers have 
lengthened, and the toes are distinct. All 
evidence of the tail disappears by the end of 
the eighth week (Figs. 5-198 and 5-20). The 
scalp vascular plexus now forms a band near 
the vertex (crown) of the head (Fig. S 
19B). 

The embryo now has unquestionably 
human characteristics. The head is more 
round and erect, but is still disproportion- 
ately large, constituting almost half of the 
embryo. The neck region has become es- 
tablished, and the eyelids are more obvious. 
The abdomen is less protuberant, and the 
umbilical cord is relatively reduced in size. 
The intestines are still within the proximal 
portion of the cord (Fig. 5-20). 

During the eighth week, the eyes are 
usually open, but toward the end of the 
week, the eyelids may begin to meet and 
become united by epithelial fusion. The auri- 
cles of the external ears begin to assume 
their final shape, but they are still low-set. 
Although sex differences exist in the appear- 


ance of the external genitalia, they are not 
distinct enough to permit accurate sexual 
identification to be made by lay persons. 


DISORDERS OF EMBRYONIC 
DEVELOPMENT 


As has been described, the embryonic 
period refers to the five weeks during which 
morphogenesis (development of shape) and 
organogenesis (formation of organs) occur. 
Consequently, it is the time during which the 
embryo is most susceptible to factors that 
may interfere with its development. Most 
congenital malformations originate during 
this critical period of embryonic develop- 
ment. 

Dysmorphism (abnormality of shape) can 
result from a variety of mechanisms: (1) 
single-gene disorders such as achondropla- 
sia (see Fig. 8-12); (2) chromosome dis- 
orders such as Down syndrome (see Fig. 
8-4); (3) multifactorial inheritance, resulting 
from a combination. of genetic and environ- 
mental factors, which accounts for much of 
the normal variation in families and many 
common congenital malformations such as 
cleft lip (see Fig. 10-26); and (4) teratogene- 
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Figure 5-20 Photogreph of a 29-mm (crown- 
rump length) embryo during stage 23 (56 days) (<2). 
The intestine is still in the umbilical cord {arrow}. 
The digits are clearly defined. The regions of the 
limbs ere epparent, and the tatl has disappeared. 
Note the relatively large head. 


sis (production of abnormalities by drugs, 
chemicals, and viruses known as ferato- 
gens). Exposure of an embryo to a teratogen 
(e.g., thalidomide) during the early embryon- 
ic period is likely to cause a congenital 
malformation (see Fig. 17-4). 

Abuse of alcohol and heavy smoking dur- 
ing pregnancy are well-established causes of 
intrauterine growth retardation (Golbus, 
1980). Many drugs and chemicals are tera- 
togenic in rodents, but they have demon- 
strated no teratogenicity in humans. Unfor- 
tunately, drugs known to be nonteratogenic 
or “‘safe’’ in animals may cause human mal- 
formations if given during the embryonic 
period. Hence, obstetricians and other phy- 
sicians who care for the embryo expose the 
pregnant patient only to the most necessary 
therapeutic agents, and only then after con- 
sidering their possible effects on the embryo. 
For a complete discussion of the causes of 
congenital malformations, see Chapter 8. 


ESTIMATION OF EMBRYONIC AGE 


Determination of the starting date of pregnancy 
may be difficult, partly because it depends on the 
mother’s memory. Two reference points are com- 
monly used for estimating age: (1) the onset of the 
last menstrual period (LMP), and (2) the time of 
fertilization. The probability of error in establish- 
ing the last normal menses is highest in women 
who become pregnant after cessation of oral con- 
traception; this is because the interval between 
discontinuance of the hormones and onset of 
ovulation is highly variable (Page et al., 1981). In 
addition, uterine bleeding (or “‘spotting’’) some- 
times occurs after implantation of the blastocyst 
and may be incorrectly regarded as menstruation. 
in spite of these possible sources of error, LMP is 
commonly used by clinicians to estimate the age 
of embryos. 

It must be emphasized that the zygote does not 
form until about two weeks after the onset of the 
last normal menstrual period. Consequently, 14 + 
2 days must be deducted from the so-called men- 
strual age to obtain the actual or fertilization age 
of an embryo. The day fertilization occurs is the 
most accurate reference point for estimating age; 
this is commonly calculated from the estimated 
time of ovulation because the ovum is usually 
fertilized within 12 hours after ovulation. 

Because it may be important to know the 
fertilization age of an embryo, e.g., for deter- 
mining its sensitivity to teratogenic agents 
(see Chapter 8), all statements about age 
should indicate the reference point used, i.e., 
weeks after LMP or days after ovulation, or 
the estimated time of fertilization. 

Estimates of age of recovered embryos 
(e.g., after abortion) are determined from ex- 
ternal characteristics and measurements of 
length (Table 5-1). Size alone may be an un- 
reliable criterion because some embryos un- 
dergo a progressively slower rate of growth 
prior to death. The changing appearance of 
the developing limbs is a very useful criterion 
for estimating embryonic age. 

Methods of Measurement (Fig. 5- 
21). Because embryos of the third and 
early fourth weeks (stages 6 to 10) are nearly 
Straight, measurements indicate the greatest 
length (GL). The sitting height, or crown- 
rump length (CR), is most frequently used 
for older embryos. In those with greatly 
flexed heads, the CR length is actually a 
neck-rump measurement (Fig. 5-21C). 
Standing height, or crown-heel length (CH), 
is sometimes measured for eight-week-old 
embryos. CH measurements are often diffi- 
cult to make on formalin-fixed embryos be- 
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Figure 5-21 Sketches showing methods of measuring the length of embryos. A, Greatest length, 8 and C, 


Crown-rump length, D,, Grown-heel length. 


cause such embryos are not easy to straight- 
en. 

Because the length of an embryo is only 
one criterion for establishing age, one must 
not refer to the 5-mm stage (O‘Rahilly, 1973). 
If the Carnegie embryonic staging system 
(Table 5~i) is used internationally, detailed 
comparisons may be made between the find- 
ings of one person and those of another. 

The size of the embryo in a pregnant 
woman can be estimated using gray-scale 
ultrasound measurements (Chilcote and Aso- 
kan, 1977). At 4 weeks (6 weeks after LMP), 
the embryo, the amnion, and the yolk sac 
compose a structure over 5 mm long that ts 
detectable with careful scanning. After the 
fifth week (7 weeks after LMP), discrete 
embryonic structures can be visualized, and 
‘‘crown-rump’’ measurements are predictive 
of embryonic age with an accuracy of + | to 
4 days. Furthermore, after the sixth week (8 
weeks after LMP), dimensions of the head 
and trunk can be obtained and used for 
assessment of embryonic size (Chilcote and 
Asokan, 1977). 


SUMMARY OF EMBRYONIC PERIOD 


Early in the embryonic period, longitudin- 
al and transverse folding converts the flat 
trilaminar embryonic disc into a C-shaped 
cylindrical embryo. The formation of head, 
tail, and lateral folds is a continuous se- 
quence of events and results in a constriction 
between the embryo and the yolk sac. The 
dorsal part of the yolk sac is incorporated 


into the embryo during folding and gives rise 
to the primitive gut. Transverse folding re- 
sults in formation of the lateral and ventral 
body walls. The primitive gut becomes 
pinched off from the yolk sac but remains 
attached to it by a narrow yolk stalk. As the 
amnion expands, it forms an epithelial cover- 
ing for the umbilical cord. The head fold 
results in the heart eventually lying ventrally 
and the brain becoming the most cranial part 
of the embryo. The tail fold causes the 
connecting stalk (primordium of the umbili- 
cal cord) and the allantois to move to the 
ventral surface of the embryo. 

The three germ layers differentiate into 
various tissues and organs, so that by the 
end of the embryonic period, the beginnings 
of all the main organ systems have been 
established. The external appearance of the 
embryo is greatly affected by the formation 
of the brain, the heart, the liver, the somites, 
the limbs, the ears, the nose, and the eyes. 
As these structures develop, they affect the 
appearance of the embryo by forming 
characteristics that mark the embryo as un- 
questionably human. Because the beginnings 
of ali essential external and internal struc- 
tures are formed during the embryonic 
period, the fourth to eighth weeks constitute 
the most critical period of development, De- 
velopmental disturbances during this period 
may give rise to major congenital malforma- 
tions. 

Reasonable estimates of the age of em- 
bryos can be determined from (1) the day of 
onset of the last normal menstrual period, (2) 
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4. Why may information about the stariing date of a pregnancy provided bya | 
patient be unreliable? 4 


. 
45 = 


= 


a Sitates 9} wise ee Set oye 38S = 
POISE Rie tes SS et ak SL, 


The answers to these questions are given at the back of the book. 


Jas) 
=~ 


Bae 
a SE: 

tFS 
BS 


REFERENCES C.: Normal development of early human embryos: 
Observation of 90 specimens at Camegie stages 7 to 

Benson, P.: The Biochemistry of Development. (Spas- 13. Teratology 10:1, 1974. 
tics International Medical Publications.) London, Oppenheimer, J. M.: The non-specificity of the germ 
William Heinemann, Ltd., 1971, pp. 30-76. layers. Q. Rev. Biol, 15:1-27, 1940. 

Blechschmidt, E.: Die ersten drei Wochen mach der O’Rahilly, R.: Guide to the staging of human embryos. 
Befruchtung. {mage Roche (Basel) 47:17, 1972. Anat, Anz. 130:556, 1972. 

Boving, B.: Anatomy of reproduction; in J. P. Greenhill O’Rahilly, R.: Developmental Stages in Human Em- 
(Ed.): Obstetrics. 13th ed. Philadelphia, W. B. brvos. Part A: Embryos of the First Three Weeks 
Saunders Ca., 1965, pp. 1-24. (Stages I to 9). Washington, D. C., Carnegie Institu- 

Brachet, J.: The Biochemistry of Development. London, tion of Washington, 1973. 

Pergamon Press, 1960. Page, E. W., Villee, C. A., and Villee, D. B.: Human 

Chilcote, W. S., and Asokan, S.: Evaluation of first- Reproduction. Essentials of Reproductive and Pert- 
trimester pregnancy by ultrasound. Clin. Obstet. Gyn- natal Medicine. 3rd ed. Philadelphia, W. B. Saunders 
ecol, 20:253, 1977. Co., 1981, pp. 357-360. 

De Haan, R., and Ursprung, H.: Organogenesis. New Reid, D. E., Ryan, K. J., and Benirschke, K.: Principles 
York, Holt, Rinehart and Winston, Inc., 1965. and Management of Human Reproduction. Philadel- 

Golbus, M. S.: Teratology for the obstretrician: Current phia, W. B. Saunders Co., 1972, pp. 783-810. 
status. Obstet. Gynecol. 55:269, 1980. Shepard, T. H.: Normal and abnormal growth patterns; 

Grobstein, C.: Cell contact in relation to embryonic in L. t. Gardner (Ed.): Endocrine and Genetic Dis- 
induction. Exp. Cell Res. (Suppl.} 8:234, 1961. eases of Childhood and Adolescence. 2nd ed. Phila- 

lify, L., Shepard, T. H., Jakobovits, A., Lemire, R. J., - delphia, W. B. Saunders Co., 1975, pp. 1-8. 
and Kerner, P.: The rate of growth in young human Shettiles, L. B.: Fertilization and early development 
embryos of Streeter’s horizons XH and XXII. Acta from the inner cell mass; in E. E. Philipp, J. Barnes, 
Anat. 66:178, 1967. and M. Newton (Eds.): Scientific Foundations of 

Nishimura, H., Takano, K., Tanimura, T., and Yasuda, Obstetrics and Gynecology. London, William Hein- 
M.: Norma! and abnormal development of human emann, Lid., 1970, pp. 134-158. 
embryos. Teratology 1:281, 1968. Sirlin, J. L., and Brahma, §. L.: Studies on embryonic 


Nishimura, H., Tanimura, T., Semba, R., and Uwabe, induction using radioactive tracers. IJ. The mobiliza- 








92 THE EMBRYONIC PERIOD 


tion of protein components during induction of the 
jens. Dev. Biol. 1:234, 1959. 

Streeter, G. L.: Developmental horizons in human 
embryos. Description of age group XI, 13 to 20 
somites, and age group XII, 21 to 29 somites. Contrib. 
Emobryal. Carnegie Inst. 30:211, 1942. 

Streeter, G. L.: Developmental horizons in human 
embryos: Description of age group XIII, embryos of 4 
or 5 millimeters Jong, and age group XIV, period of 
identification of the lens vesicle. Contrib. Embryol. 
Carnegie Inst. 34:27, 1945. 

Streeter, G. L.: Developmental horizons in human 
embryos: Description of age groups XV, XVI, XVII, 
and XVIII. Contrib. Embryol. Carnegie Inst. 32:133, 
1948. 

Streeter, G, L., Heuser, C. H., and Comer, G. W.: 
Developmental horizons in human embryos: Descrip- 





tion of age groups XIX, XX, XXI, XXII and XXIII. 
Contrib. Embryol. Carnegie Inst. 34:165, 1951. 

Thompson, J. S., and Thompson, M. W.: Genetics in 
Medicine. 3rd ed. Philadelphia, W. B. Saunders Co., 
1980. 

Villee, C. A.: Biologic principles of growth; in F. 
Falkner (Ed.): Human Development. Philadelphia, 
W. B. Saunders Co., 1966, pp. I-9. 

Waddington, C. A.: The Epigenetics of Birds. Cam- 
bridge, Cambridge University Press, 1952. 

Wiliter, B. H., Weiss, P. A., and Hamburger, V.: 
Analysis of Development. New York, Hafner Publish- 
ing Co., Inc., 1971. 

Yamada, T.: Factors of embryonic induction; in M. 
Florkin and E. H. Stotz (Eds.}: Comprehensive Bio- 
chemistry. Vol. 28, Amsterdam, Elsevier Publishing 
Co., 1967, 











THE FETAL PERIOD 


Ninth Week to Birth 


The transition from embryo to fetus is not 
abrupt, but the name change is meaningful 
because it signifies that the embryo has de- 
veloped from a single cell, the zygote, into a 
recognizable human being. Development 
during the fetal period is primarily con- 
cerned with growth and differentiation of 
tissues and organs that started to develop 
during the embryonic period. You should be 
aware that doctors, including obstetricians 
and radiologists using ultrasound, commonly 
refer to the developing human as a “‘fetus”’ 
throughout the entire gestation, and routine- 
ly date developmental events from the last 
menstrual period (LMP). 

The rate of body growth during the fetal 
period is very rapid, especially between the 
ninth and twentieth weeks (Figs. 6-1 and 





6-6), and weight gain is phenomenal during 
the terminal weeks (Table 6-2 and Fig. 6—- 
12). 

Fetuses weighing up to 500 gm at birth 
usually do not survive. The term abortion 1s 
applied to all pregnancies that terminate be- 
fore the period of viability (Table 6-2). If 
given expert postnatal care, fetuses weighing 
500 to 1000 gm may survive and are referred 
to as immature infants. Fetuses weighing 
between 1000 and 2500 gm are called prema- 
ture infants, and most of them survive. How- 
ever, prematurity is one of the most common 
causes of perinatal death. 

During a pregnant woman’s first prenatal 
visit to a doctor, the age of the embryo or 
fetus is estimated. The date of the /ast men- 
strual period (LMP) is a time-honored guide 
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FERTILIZATION AGE IN WEEKS | 


Figure 6-1 Drawings of fetuses, about one-fifth actual size. Head hair begins to appear at about 20 weeks. 
Eyebrows and eyelashes are usually recognizable by 24 weeks, and the eyes reopen by 26 weeks. Fetuses born 
prematurely (22 weeks or more) may survive, but intensive care is required. The mean duration of pregnancy is 
266 days (38 weeks) from fertilization, with a standard deviation of 12 days. In clinical practice, it is customary 
to refer to full term as 40 weeks from the first day of the last menstrual period (LMP), assuming that conception 
occurs two weeks after the onset of menses. Thus when a doctor refers to a pregnancy of 20 weeks, the true 
duration or actual age of the fetus is only 18 weeks. 
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to establishing gestational age, and it is reli- 
able in most cases. To determine the actual 
age, or fertilization age, two weeks must be 
deducted from the gestational age beeause 
development does not begin until about two 
weeks after LMP. Page et al. (1981) state: 


When, in the patient’s opinion, the last menses 
was normal and the date 1s known with certainty, 
the probability of error is no more than § per cent. 
An exception would be those women who con- 
ceive shortly after discontinuing oral contracep- 
tives or those women who do not have regular 
cycles. 


ESTIMATION OF FETAL AGE 


The gestational pcriod may be divided into 
days, weeks, or months (Table 6-1), but 
confusion arises if it is not stated whether the 
time is calculated from (1) the onset of the 
last menstrual period (LMP), or (2) the es- 
timated day of fertilization. Most uncertainty 
arises when months are used, particularly 
when it is not stated whether calendar 
months (28 to 31 days) or lunar months (28 
days) are meant. Unless otherwise stated, 
age in this book is calculated from the esti- 
mated time of fertilization, and months re- 
fer to calendar months. /? is best to express 
fetal age in weeks and to state whether the 
beginning or the end of a week is meant 
because statements such as “in the tenth 
week” are nonspecific. 

Clinically, the gestational period is com- 
monly divided into three parts or trimesters, 
each lasting three calendar months. By the 
end of the first trimester, all major systems 
are developed and the crown-rump length of 
the fetus is about the width of one’s palm 
(Fig. 6~7). At the end of the second trimester 
(26 weeks after LMP, out only 24 weeks 
after the estimated day of fertilization), the 
fetus 1s usually too immature to survive if 
born prematurely, even though its length is 
now equal to about the span of one’s hand. 


Accurate determination of fetal age may 
not be possible for the reasons discussed in 
Chapter 5, but various measurements and 
external characteristics are useful in estimat- 
ing fetal age (Table 6-2). Crown-rump (CR) 
is usually the most reliable measurement of 
length (see Fig. 5-21), but it must be empha- 
sized that the length of fetuses, like infants, 
varies considerably for a given age. Crown- 
heel (CH) length 1s less useful because of the 
difficulty in straightening the fetus. Foot 
length correlates well with CR length and is 
particularly useful for estimating the age of 
incomplete or macerated fetuses. Fetal 
weight is often a useful criterion, but there 
may be a discrepancy between the fertiliza- 
tion age and the weight of a fetus, particular- 
ly when the mother has had metabolic dis- 
turbances during pregnancy, e.g., in diabetes 
mellitus, fetal weight often exceeds values 
considered normal for the CR length (Reid, 
1972). Fresh fetal material has a shiny trans- 
lucent appearance (Fig. 6-8), whereas fe- 
tuses that have been dead for several days 
prior to abortion have a tanned appearance 
and lack normal resilience (Shepard, 1975). 

The fetal dimensions obtained from meas- 
urements of fetuses using ultrasound tech- 
niques closely approximate the crown-rump 
measurements obtained from aborted fetuses 
(Table 6~2). In addition, the biparietal diam- 
eter of the head and the dimension of the 
trunk may be obtained (Chiicote and Aso- 
kan, 1977). At 9 to 10 weeks (11 to 12 weeks 
after LMP), the head is still slightly larger 
(about 3 mm) than the trunk. Ultrasound 
crown-rump measurements of the fetus are 
predictive of fetal age with an accuracy of + 
1 to 4 days. Assessment of fetal size is 
enhanced when head and trunk dimensions 
are considered along with crown-rump meas- 
urements. 

Determination of the size of the fetus, 
especially of its head, is of great value to the 
obstetrician for improving the management 


TABLE 6-1 COMPARISON OF GESTATIONAL TIME UNITS 








Reference Point Days Weeks Calendar Months Lunar Months 
Fertilization” 266 38 85/4 942 
Last Menstrual Period 280 40 OV4 10 





*The date of birth is calculated as about 266 days after the estimated day of fertilization, or 280 days atter the on- 
set of the last normal menstrual period. From fertilization to the end of the embryonic period, age is best expressed 
in days; thereafter age should be given in weeks. Becavse ovulation and fertilization are usually separated by not 
more than {2 hours, these events are more or less interchangeable in expressing prenatal age. 
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AL-NASH’AH (aL) 
“THE FETAL PERIOD” 
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“Then We developed out of him 
another creation” 
(Surah Al-Mu’minun, Ayah 14) 


At the end of the 8th week clothing with 
muscle occurs (Al-Kisa Bil-Lahm) ( ii. 
ell ) and before the 12th week there is a 
period of slow growth and development. By 
the twelvth week there are important 
developments as well as the beginning of 
er changes in the size of the fetus (see fig. 
The verb “ansha’a” carries (wo meanings 
(a) to initiate and (b) to cause to develop; both 
of these meanings apply to the fetal period. 
New developments pertaining to the first of 
these meanings are given by the following 
extract from Persuad and Azzindani (1983): 


“At twelve weeks gestation, centers of 
ossification are present in most bones. The 
limbs are differentiating and nails can be 
detected on the fingers and toes. Lanugo hair 
is present on the skin, which is now fully 
differentiated into epidermis and hypodermis. 
The testes have begun their descent and the 
internal genitalia (uterus, fallopian tubes, 
vagina) are developing. At this stage, a male 
fetus can be distinguished from a female on the 
basis of the external genital organs. Voluntary 
and smooth musculature are established. 
Fetuses at this stage of development reveal 
spontaneous movements, and reflex muscular 
contractions can be elicited by an external 
stimulus”. 

Other developments, pertaining to the 
second meaning, are the general growth of 
body and various organs in size as well as the 
structual nature of the tissues. The distinction 
of the external genitalia hy inspection can also 
he made at about the 12 th week. 

Many Muslim scholars believe that soon 
after the embryonic period which ends by the 
clothing of bones with flesh, the ‘soul’ comes 
into the conceptus. 


* See also T.V.N. Persaud & Abdul-Majeed A. Azzindani (1983), 8th Saudi Medical Conference Proceedings. 
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TABLE 6-2) CRITERIA FOR ESTIMATING FERTILIZATION AGE 
DURING THE FETAL PERIOD 


Main External Characteristics 


Eyes clesing or closed. Head more rounded. External genitalia still 


not distinguished as male or female, Intestines in umbilical cord. 


Intestine in abdomen. Early fingernail development. 
Sex distinguishable externally. Well-defined neck. 
Head erect. Lower limbs weli developed. 

Ears stand out from head, 

Vernix caseosa present, Early toenail development. 


Head and body hair (lanugo)} visible. 


Skin wrinkled and red. 

Fingernails present. Lean body. 

Eyes partially open. Eyelashes present. 

Eyes open. Good head of hair. Skin slightly wrinkled. 

Toenails present. Body filling out. Testes descending. 

Fingernails reach finger tips. Skin pink and smooth. 

Body usually plump. Lanugo hairs almost absent. Toenails reach toe 


ups. Flexed limbs; firm grasp. 


CR Foot Fetal 
Age Length Length Weight 
(weeks) (mimn)}* (min}j* (gm)? 
PREVIABLE FETUSES 
9 50 7 8 
10 61 9 14 
12 87 14 45 
i4 1200 ~—-20 110 
16 140 pa 200 
i8 160 33 320 
20 190 39 460 
VIABLE FETUSES$ 
22 210 45 630 
24 230 50 820 
26 250 Ao 1000 
28 270 53 1300 
30 280 63 1700 
32 300 68 2100 
36 340 79 2900 
38 360 83 3400 


Prominent chest; breasts protrude. Testes in scrotum or palpable in 


inguinal canals. Fingemails extend beyond finger tips. 


*These measurements are averages and so may not apply to specific cases; dimensional variations increase with 
age. The method for taking CR (crown-rump) measurements is illustrated in Figure 5-21. 
+These weights refer to fetuses that have been fixed for about two weeks in 10 per cent formalin. Fresh specimens 


usually weigh about 5 per cent less (Bo6ving, 1965). 


+There is no sharp limit of development, age, or weight at which a fetus automatically becomes viable or beyond 
which survival is assured, but experience has shown that it is rare for a baby to survive whose weight is less than 
500 gm or whose fertilization age is less than 22 weeks. The term abortion refers to all pregnancies that terminate 


before the period of viability. 


of patients (e.g., those women with small 
pelves and/or those fetuses with intrauterine 
growth retardation and/or congenital abnor- 
malities). 


HIGHLIGHTS OF THE FETAL PERIOD 


No formal system of fetal staging using 
numbers has been proposed for the fetal period, 
as has been established for the embryonic period, 
but it is helpful to consider the changes in fetal 
development that occur in periods of four to five 
weeks. 

Nine to Twelve Weeks. At the begin- 
ning of the ninth week, the head constitutes 
almost half of the fetus (Fig. 6-2). Sub- 
sequently, growth in body length accelerates 


rapidly so that by the end of 12 weeks the CR 
length has more than doubled (Table 6-2), 
Growth of the head slows down consider- 
ably, however, compared with the rest of the 
body (Figs. 6-2, 6-3, and 6-4). The face is 
broad, the eyes widely separated, and the 
ears low-set. The eyelids are now closed 
(Fig. 6-38). 

At the beginning of the ninth week, the 
legs are short and the thighs are relatively 
small (Figs. 6-2 and 6-3). At the end of 12 
weeks, the upper limbs have almost reached 
their final relative lengths, but the lower 
limbs are stil not so well developed and are 
slightly shorter than their final relative 
length. 

The external genitalia of males and fe- 
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FERTILIZATION AGE IN WEEKS 


Figure 6~2 Diagram illustrating the changing proportions of the body during the fetal period. By 36 weeks, 
the circumferences of the head end the abdomen are approximately equal. After this, the circumference of the 
abdomen may be greater, All stages are drawn to the same total height. 


chorionic villi amniotic sac 





chorionic sac 


Figure 6-3 Photographs of a nine-week fetus in the amniotic sac exposed by removal from its chorionic 
sac. A, actua/ size. The remnant of the yolk sac is indicated by an arrow. B, enlarged photograph of the fetus 
{x2}. Note the following features: {1) large head, (2) cartilaginous ribs, and (3) intestines in the umbilical cord 
(arrow). Ultrasound crown-rump measurements of the fetus can ascertain fetal age with an accuracy of + one 
to four days. Determination of fetal size, especially of the head, allows the obstetrician to improve the 
management of patients (e.g., women whose fetuses may have congenital malformations such as hydro- 
cephalus; see Fig. 18-34). 
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FETAL PERIOD’ 
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Let us consider the following Ayah: 
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“Who (Allah) created you, made 
you even and Straight and then 
modified you. In whatever form 
(facial features) He wanted. He put 
you together’. 

(Surah Al-Infitar, Ayah 7,8) 


“SAWWAK” ( St. ) means to make 
even and straight. The pluripotent cells of the 
embryo begin to follow various lines of diffe- 
rentiation and modify into different functional 
moieties. This process is essential for straight- 
ening and the formation of organs essential for 
viability (table 5-1 stages 5-11 mm.). Also at 





this stage body surface is becoming more even 
and its configuration is straighter (fig. 5-17 A 
& B). 

“ADDALAK” ( i8i¢ ) in Arabic has 
many meanings; but in this context it means 
modifying in form and shape to create a 
definitive thing. Changes shown in Fig. 6-2 can 
be taken to indicate the concept of the word 
“*A ddalak” asused in The Qur'an. 

“FA‘ADDALAK” ( eiiai ) as stated 
above shal! be taken to mean “then 
immediately modified your form” since 
“* Addalak” is qualifying the latter part of the 
Ayah which means that Allah constructed you 
in any shape He liked, this is done, of course 
by modifications. 

A group of Muslim scholars interpreted this 
Ayah by considering that “‘Addalak” is 
linguistically placed (‘Atf bayan oW abe } 
to explain what comes after it i.e., the 
acquisition of human features. 


* See also T.V.N. Persaud & Abdul-Majeed A. Azzindani (1983), 8lh Saudi Medical Conference Proceedings. 
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Figure 64 Photographs of (A) 10-week fetus and 
(B} cross section of the mother’s ovary showing the 
corpus luteum of pregnancy farrow). The corpus 
luteum secretes both estrogen and progeslerone, 
Important hormones for the maintenance of preg- 
nancy. Actual size, 


males appear somewhat similar until the end 
of the ninth week. Their mature fetal form ts 
not established until the twelfth week. Intes- 
tinal coils are clearly visible within the prox- 
imal end of the umbilical cord (Fig. 6-3B) 
until the middle of the tenth week, when the 
intestines return to the abdomen (Fig. 6-5). 

At the beginning of this period, the liver is 
the major site of erythropoiesis, By the end 
of the twelfth week, this activity decreases in 
the liver and begins in the spleen. Urine 
starts to form between the ninth and twelfth 
weeks and is excreted into the amniotic 
fluid. 


Although this period is often called the stage of 
initial activity because the fetus reacts to stimuli 
(Hooker, 1936, and Rugh and Shettles, 1971), 
these movements by the relatively small fetus are 
too slight to be felt by the mother. By the end of 
the 12 weeks, stroking the lips causes the fetus to 
respond by sucking, and if the eyelids are stroked 
there is a reflex response. (These observations 
were made on spontaneously aborted fetuses.) 

Thirteen to Sixteen Weeks. Growth is 
very rapid during this period (Table 6-2 and 
Figs. 6-6 and 6-7). At the end of this period, 
the head is relatively small compared with 
that of the 12-week fetus (Fig. 6-2), and the 
lower limbs have lengthened. Ossification of 
the skeleton has progressed rapidly and 
shows clearly on x-ray films of the mother’s 
abdomen by the beginning of the sixteenth 
week. Scalp hair patterning is determined 
during this period and gives a clue to early 
fetal brain development (Smith, 1973). By 16 
weeks, the ovaries are differentiated and 





have many primordial follicles containing 
oogonia (see Fig. 13-21). 

Seventeen to Twenty Weeks. Growth 
slows down during this period, but the fetus 
still increases its CR length by about 50 mm 
(Table 6-2). The lower limbs reach their final 
relative proportions (Fig. 6-8), and fetal 
movements, known as guickening, are com- 
monly felt by the mother. The mean time that 
intervenes between a patient’s first detection 
of fetal movements and delivery is 147 days, 
with a standard deviation of + 15 days (Page 
et al., 1981). 

The skin is covered with a greasy cheese- 
like material known as vernix caseosa; it 
consists of a mixture of a fatty secretion from 
the fetal sebaceous glands and dead epider- 
mal cells. This vernix protects the fetus’s 
delicate skin from abrasions, chapping, and 
hardening. The bodies of twenty-week fe- 
tuses are usually completely covered with 


Figure 6-5 Photograph of an 11-week fetus ex- 
posed by removal! from its chorionic and amniotic 
sacs (X1.5}. Note the relatively large head and that 
the intestines are no jJonger in the umbilical cord. 
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FERTILIZATION AGE IN WEEKS 
Figure 6-6 Diagram, drawn to scale, illustrating the changes in size of the human fetus. 





Figure 6-7 Photographs of a 13-week fetus. A, An enlarged photograph of the head and shoulders of this 
fetus that appears on the cover of this book (x2). B, Actua! size. 
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Figure 6-8 Photograph of a 17-week fetus. Actual size. Note that the ears stand out from the head and that 
no hair is visible. Because there is no subcutaneous fat and the skin is thin, the blood vessels of the scalp are 
visible. Fetuses at this age are unable to survive if born prematurely, mainly because their respiratory system is 
immature. The alveolar surface area is insufficient, and the vascularity of the lungs is underdeveloped. 


fine downy hair called Janugo; this may help 
hold the vernix on the skin. Eyebrows and 
head hair are also visible at the end of the 
period. 

Brown fat forms during this time and is the 
site of heat production, particularly in the 
newborn infant. This specialized adipose tis- 
sue produces heat by oxidizing fatty acids 
(Reid, 1972). Brown fat is chiefly found (}) 


on the floor of the anterior triangle of the 
neck surrounding the subclavian and carotid 
vessels, (2) posterior to the sternum, and (3) 
in the perirenal area (Young, 1968, and Page 
et al., 1981). Brown fat has a high content of 
mitochondria, giving it a definite brown 
hue. 

By 18 weeks, the uterus of a female fetus is 
completely formed, and canalization of the 
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Figure 6-9 Photographs of a 25-week fetus. A, In the uterus. 8, Actua! size. Note the wrinkled skin and 
rather 4ean body caused by the scarcity of subcutaneous fat. Observe that the eyes are beginning to open. A 
fetus of this size might survive if born prematurely, hence it is considered a viable fetus. Termination of 
pregnancy is illegal after the period of viability (Table 6-2). 


ae 


ra 


a 


ae. 








VIABILITY 


(AL-QABLIYAH LIL-HAYAH) ( 


There is no sharp limit beyond which 
survival of the fetus is assured but experience 
has shown that a fetus whose fertilizatton age 
is less than 22 weeks, rarely survives (table 6- 
2). Considering the two “Ayah” below, this 
can be taken to mean that the fetus becomes 
viable at about 6 months. 


(ie 020 2 AG ACS Beales ) 


Oy ala 
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“The duration of pregnancy and 
separation is thirty months”. 
(Surah Al-Ahgaf, Ayah 15) 


deal “ as 7 
& + ele Zalrucds . is) 
Vi Ui Oled 3) ww 
“His separation is at the end of two 


years”. 
(Surah Lugqman, Ayah 14) 


aw Syn) 


Thus the total period of breast feeding plus 
the period of pregnancy is stated as thirty 
months. It is also stated that for two years the 
child is fed on the mother’s breast at the end of 
which he is weaned. The two texts taken 
together leave only 6 months* of pregnancy. 
This is about the same period which has been 
established for viability table 6-2. 

This interpretation was derived by Ali Ibn 
Abi Talib (may Allah be pleased with him) 
from the above two Ayahs and another Ayah: 


Awe mente ad Aan. gh cit ) 


YY Al 6 aS 5) pe 


“Mothers shall breast feed their 
offspring for two whole years, for 
those who want to complete the 
breast feeding”. 

(Surah Al-Bagarah, Ayah 233) 


This interpretation was also agreed to by 
Khalifa Othman (may Allah be pleased with 
him) and a_ group of the Prophet’s 
companions. 


* 32 weeks i.e., five and half Gregorian months are equal to aboul six lunar months. 
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UTERINE SUPPORT 


(AL-HADANAH AL-RAHEMIAH) (o> i Sassi) 


, a ghar 


Pree, We wera 
€ | Og bal yads ales . = 


= - 


Vo a) eS) 3) 


“The duration of pregnancy and 
seperation is thirty months” 
{Surah Al-Ahqaf, Ayah 15) 
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“His seperation ts at the end of two 
years” 
(Surah Lugqman, Ayah 14). 
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From the comparison of the two “Ayah” we 
learn that the duration of pregnancy is 6 
months, but it is a common knowledge that the 
duration of pregnancy is 9 months. How do we 
account for the shortage of 3 months in the 
account given by The Qur’an ? 

The explanation is that the real period of 
pregnancy 1s 6 months, during which the fetus 
is essentially dependant on his mother for its 
survival. However, if born immature at the 
end of a minimum of 6 months of pregnancy, 
the child can survive outside the body of the 
mother with outside support. Thus the last 3 
months not accounted for, in fact correspond 
to this period of possible survival outside the 
mother’s body. 
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Figure 6-10 Photograph of a 29-week fetus in the uterus. Actua/ size. Note that the fetus is upside down; 
this is the normal presentation at this period of gestation. A portion of the wall of the uterus and parts of the 
chorion and amnion have been removed to show the fetus. Infants born at this stage usually survive because 
their lungs are capable of breathing air. This fetus and its mother died as the result of injuries sustained in an 
automobile accident. 
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vagina has begun. By 20 weeks, the testes of 
a male fetus have begun their descent, but 
are still on the posterior abdominal wall. 
Twenty-one to Twenty-five Weeks. 
There is a substantial weight gam during this 
period. Although still somewhat lean, the 
body of the fetus is better proportioned (Fig. 


6-9). The skin is usually wrinkled, particular- 


ly during the early part of this period. The 
skm 1s more translucent and is pink to red in 
color in fresh specimens because blood in the 
capillaries is visible. By 24 weeks, alveolar 
cells of the lung have begun to make surfac- 
fant, a surface-active lipid that maintains 
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Figure 6-11 Photograph of a 36-week fetus. Half actua/ size. Fetuses at this size and age usually survive. 
Note the plump body resulting from the deposition of subcutaneous fat. This fetus’ mother was killed in an 
automobile accident, and the fetus died before it could be delivered by cesarean section. 
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alveolar patency. Although all crgans are 
rather well developed, a 22- to 25-week fetus 
may die within a few days if born prema- 
turely, mainly because its respiratory system 
is still immature. 

Twenty-six te Twenty-nine Weeks. A 
fetus may now survive if born prematurely 
(Table 6-2) because the lungs are capable of 
breathing air, and because the lungs and 
pulmonary vasculature have developed sufh- 
ciently to provide gas exchange (see Fig. 
11-8). In addition, the central nervous sys- 
tem has matured to the stage at which it can 
direct rhythmic breathing movements and 
control body temperature. The eyes reopen 
during this period, and head and lanugo hair 
are well developed (Fig. 6-10). Considerable 
subcutaneous fat has now formed under the 
skin, smoothing out many of the wrinkles. 
During this period, the quantity of white fat 
in the body increases to about 3.5 per cent of 
body weight (Widdowson, 1974). Erythro- 
poiesis in the spleen ends by 28 weeks, and 
the bone marrow becomes the major site of 
this process. 

Thirty to Thirty-four Weeks. The pupil- 
lary light reflex is present by 30 weeks. 
Usually by the end of this period, the skin is 
pink and smooth, and the upper and lower 
limbs often have a chubby appearance. At 
this stage, the quantity of white fat in the 
body is about 7 to 8 per cent of body weight 
(Widdowson, 1974). 

Thirty-five to Thirty-eight Weeks. Fe- 
tuses at 35 weeks have a firm grasp and 
exhibit a spontaneous orientation to light 
(Page et al., 1981). Most fetuses during this 
‘‘finishing’’ period are plump (Fig. 6-11). Az 
36 weeks, the circumference of the head and 
the abdomen are approximately equal. After 
this, the circumference of the abdomen may 
be greater than that of the head. 

There is a slowing of growth as the time of 
birth approaches (Fig. 6-12). Fetuses usually 
reach a CR length of 360 mm and weigh 
about 3400 gm. By full term, the amount of 
white fat in the bady is about 16 per cent of 
body weight (Widdowson, 1974). The fetus 
lays down about 14 gm of fat a day during the 
last few weeks of gestation. In general, male 
fetuses grow faster than females, and male 
infants generally weigh more than female in- 
fants at birth. Succeeding pregnancies tend 
to last slightly longer, and result m larger 
babies. 

By full term (38 weeks after fertilization, 
or 40 weeks after LMP), the skin is usually 
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Figure 6-12 Graph showing the rate of fetal 
growth during the fast trimester. (Adapted from 
Gruenwald, P.: Am. J. Obstet. Gyneco/. 94:1112, 
1966.) Average refers to babies born In the United 
States. After 36 weeks the growth rate deviates from 
the straight line. The decline, particularly after full 
term (38 weeks}, probably reflects Inadequate fetal 
nutrition caused by placental changes. 


white or bluish-pink in color. The chest is 
prominent and the breasts protrude in both 
sexes. The testes are usually in the scrotum 
in full-term male infants; descent begins at 
about 28 to 32 weeks. Thus premature male 
infants commonly have undescended testes. 
Usually, the testes descend during early in- 
fancy. 

Although the head at full term is much 
smaller in relation to the rest of the body 
than it was during early fetal life, it still is 
one of the largest parts of the fetus, an im- 
portant consideration with regard to its 
passage through the cervix and vagina, the 
birth canal (see Figs, 7-10 and 7-11). 


Not all low-weight babies are premature. About 
one third of “premature infants” with a birth 
weight of 2500 gm or less are actually small! or 
undergrown for their gestational age (Lucey, 
1972). This has become apparent only in the last 
few years since good intrauterine fetal growth 
charts have become available. These infants, 
sometimes called ‘‘small for dates,’’ often result 
from placental insufficiency. It is important to 
distinguish between babies who are of low birth 
weight because of intrauterine growth retardation 
(Warkany, 1971) and those who are light because 
of a shortened gestation. Intrauterine growth re- 
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tardation may be caused by placental insuffi- 
clency, but genetic and environmental factors are 
also known to cause such retardation (Warkany, 
1971). These infants show a characteristic lack of 
subcutaneous fat, and the skin is wrinkled, sug- 
gesting that white fat has actually been lost. 
Brown fat is also reduced or absent. 

Time of Birth. The expected time of 
birth is usually 266 days or 38 weeks after 
fertilization, or 280 days or 40 weeks after 
LMP (Table 6-1). Prolongation of pregnancy 
for two to three weeks beyond the expected 
time of birth is common (8 to 12 per cent). 
Some infants in prolonged pregnancy devel- 
op the postmaturity syndrome. These infants 
are usually thin and have dry ‘‘parchment- 
like’’ skin. 

The common method of determining the 
expected date of delivery is to count back 
three calendar months from the first day of 
the last menstrual period and then add a year 
and one week, In women with typical 28-day 
menstrual cycles, thts method is quite accu- 
rate. However, if the woman's cycles have 
been irregular, miscalculations of two to 
three weeks may occur. In addition, bleeding 
sometimes occurs in pregnant women at the 
time of the first missed period (about two 
weeks after fertilization). Should the woman 
interpret this implantation bleeding as men- 
Struation, the estimated time of birth would 
be miscalculated by two or more weeks. 


FACTORS INFLUENCING FETAL 
GROWTH 


The fetus requires substrates for the pro- 
duction of energy and for growth. With the 
exception of a few metals, such as iron, all 
gases and nutrients pass freely to the fetus 
from the mother via the placental membrane 
(see Fig. 7-8). 

Glucose, Insulin, and Amino Acids. 
Glucose is a primary source of energy for 
fetal metabolism and growth; amino acids 
are also required (Page et al., 1981). These 
substances are derived from the mother’s 
blood via the placenta. The insulin required 
for the metabolism of glucose is secreted by 
the fetal pancreas; no significant quantities of 
maternal insulin reach the fetus because the 
placental membrane is relatively imperme- 
able to insulin. Insulin is believed to stimu- 
late fetal growth. The role of insulin as a 
“growth hormone’’ is fully discussed by 
Villee (1975). For a comprehensive account 
of fetal growth in humans, see Miller and 
Merritt (1979) and Page et al. (1981). 
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FACTORS CAUSING FETAL 
GROWTH RETARDATION 


Many factors affect the rate of fetal 
growth. These may be maternal, fetal, or 
environmental. In general, factors operating 
throughout pregnancy (e.g., cigarette smok- 
ing) tend to produce small infants, whereas 
those operating during the last trimester 
(e.g., undernutrition of the mother) usually 
produce underweight infants with normal 
length and head size (Page et al., 1981). 

Intrauterine growth retardation IUGR) is 
usually defined as infant weight within the 
lowest ten percentile for gestational age. 

Maternal M:.{nutrition. Severe mater- 
nal malnutritic > resulting from a poor quality 
diet is known to cause reduced fetal growth 
(Fig. 6-12). Poor nutrition and faulty food 
habits are common and are not restricted to 
mothers belonging to poverty groups (Gruen- 
wald, 1966). 

smoking. Maternal cigarette smoking is 
a well-established cause of intrauterine 
growth retardation (Golbus, 1980). The 
growth rate for fetuses of mcthers who 
smoke cigarettes heavily is less «41 nor; .al 
during the last stx to eight weeks of pregnan- 
cy (Fig. 6-12). The effect is greater on fe- 
tuses whose mothers also receive inadequate 
nutrition; presumably, there is an additive 
effect of heavy smoking and poor quality 
diet. 

Multiple Pregnancy. Individuals of 
twins, triplets, and other multiple births 
usually weigh considerably less than infants 
resulting from a single pregnancy. It is evi- 
dent that the total requirements of twins 
(Fig. 6-12), triplets, and so forth exceed the 
nutritional supply available from the pla- 
centa during the third trimester. 

Socially Used Drugs. Infants born to 
alcoholic mothers often exhibit intrauterine 
growth retardation (IUGR) as part of the 
fetal alcohol syndrome (see Chapter 8). Simi- 
larly, narcotic addiction can cause IUGR and 
other obstetrical complications (Golbus, 
1980). 

Impaired Uteroplacental Blood Flow. 
Maternal placental circulation may be re- 
duced by a variety of conditions that de- 
crease uterine blood flow (e.g., severe hypo- 
tension and _ renal disease). Chronic 
reduction of uterine blood flow can cause 
fetal starvation resulting in fetal growth re- 
tardation. 

Placental Insufficiency. Placental dys- 
function or defects (e.g., infarction or inter- 
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villous coagulation) can cause fetal growth 
retardation. The net effect of these placental 
changes is a reduction of the total area for 
exchange of nutrients between the fetal and 
maternal blood streams (see Chapter 7). It is 
very difficult to separate the effect of these 
changes from the effect of reduced maternal 
blood flow to the placenta. In some instances 
of chronic maternal disease, the maternal 
vascular changes in the uterus are primary 
and the placental defects are secondary 
(Page et al., 1981). 

Genetic Factors and Chromosomal 
Aberrations. It is well established that ge- 
netic factors can cause retarded fetal growth. 
Repeated cases of intrauterine growth retar- 
dation in one family indicate that recessive 
genes are the cause of the abnormal growth 
in the family. In recent years, structural and 
numerical chromosomal aberrations have 
also been associated with cases of retarded 
fetal growth (Warkany, 1971). Intrauterine 
growth retardation is pronounced in Down 
syndrome and is very characteristic of tri- 
somy 18 syndrome (see Chapter 8). 


PERINATOLOGY 


By accepting the shelter of the uterus, the fetus 
also takes the risk of maternal disease or malnutri- 







tion and of biochemical, immunological and hor- 
monal adjustment. 


—George W. Corner 


Perinatology is the branch of medicine 
primarily concerned with the fetus and new- 
born infant, generally covering the period 
from about 26 weeks after fertilization to 
about 4 weeks after birth. The subspecialty 
known as perinatal medicine combines cer- 
tain aspects of obstetrics and pediatrics. 

The fetus is now commonly regarded as a 
patient on whom diagnostic and therapeutic 
procedures may be performed. Studies con- 
cerned with the fetus are sometimes called 
fetology. Several techniques are now avail- 
able for assessing the status of the human 
fetus and for providing prenatal treatment. 


AMNIOCENTESIS 


Amniotic fluid is sampled by inserting a 
hollow needle through the mother’s anterior 
abdominal wall and uterine wall into the 
amniotic cavity (Fig. 6-13). A syringe is then 
attached and amniotic fluid withdrawn. Be- 
cause there is relatively little amniotic fluid, 
amniocentesis is difficult to perform prior to 
the fourteenth week. 

Amniocentesis is relatively devoid of risk, 
especially when the procedure is performed 


Placenta 
Uterine wall 


Amniotic cavity 


Figure 6-13 Drawing illustrating the technique of amniocentesis. A needle is inserted through the lower 
abdominal wall and the uterine wall into the amniotic cavity. A syringe is attached and amniotic fluid is with- 
drawn for diagnostic purposes (e.g., for cell cultures or protein studies). Amniocentesis is relatively devoid of 
risk, especiaily when combined with ultrasonography for placental iocalization. The risk of injuring the fetus 
with the needle is also minimized by using ultrasound. The technique is usually performed at 15 to 16 weeks of 
gestation. Prior to this stage of development, there is relatively littie amniotic fluid, and the difficulties in ob- 
taining it without endangering the mother or the fetus are consequently greater. There is an excessive amount 
of amniotic fluid (polyhydramnios) in the case illustrated in this figure. This excess fluid is removed from some 


patients by amniocentesis. 
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Figure 6-14 Nuclei of cells in amniotic fluid obtained by amniocentesis. A, Chromatin-positive nucieus 
indicating the presence of a female fetus; the sex chromatin is indicated by an arrow. 8B, Chromatin-negative 
nucleus indicating the presence of a male fetus. No sex chromatin is visible. Cresylecht violet stain (x 1000). C, 
¥-chromatin-positive nucleus indicating the presence of a male fetus. The arrow indicates the Y-chromatin as 
an Intensely fluorescent body obtained after staining the cell in quinacrine mustard. (A and B, From Riis, M., 
and Fuchs, F.: Sex chromatin and antenatal sex diagnosis: in K. £. Moore [Ed.}: The Sex Chromatin. 
Philadelphia, W. B. Saunders Co., 1966. C, Courtesy of Dr. M. Ray, Department of Pediatrics, Division of 
Genetics and Department of Anatomy, University of Manitoba and Health Sciences Centre, Winnipeg, Can- 
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by an experienced obstetrician who is guided 
by ultrasonography (Fig. 6-15) for placental 
localization. Amniocentesis is the most com- 
mon technique for detecting genetic dis- 
orders and 1s usually performed at 15 to 16 
weeks of gestation (Le., after LMP). 

The following are common indications for 
amniocentesis: (1) late maternal age {ie., 
40 years or older); (2) previous birth of a 
trisomic child (e.g., Down syndrome); (3) 
chromosomal abnormality in either parent 
(e.g., chromosome translocation); (4) women 
who are carriers of X-linked recessive dis- 
orders (e.g., hemophilia); (5) neural tube 
defects in family; and (6) carriers of inborn 
errors of metabolism. 

Fetoprotein Measurements. Chemical 
components are known to leak from skin 
defects of fetuses with neural tube defects 
into the amniotic fluid (see Chapter 18). The 
concentration of a-fetoprotein (AFP) in the 
amniotic fluid surrounding fetuses with spina 
bifida cystica and anencephaly is remarkably 
high (Brock, 1976). Thus, it is possible to 
detect the presence of these severe abnor- 
malities by measuring the concentration of 
a-fetoprotein in amniotic fluid. Incidentally, 
these maiformations also cause the a- 
fetoprotein to rise in the maternal serum: 
however, studies of maternal blood for a- 
fetoprotein are not so reliable at present as 
those on amniotic fluid. It is generally be- 
lieved that closed neural tube defects (e.g., 
spina bifida with meningomyelocele, Fig. 18- 
16) cannot be detected through assay of 
a-fetoprotein. Closed neural tube defects re- 
present about 5 to 10 per cent of the total 
number of neural tube defects (Brock, 
1976). 

Detection of an increased concentration of 


a-fetoprotein in amniotic fluid is likely to be. 
a useful diagnostic tool for detecting the 
presence or absence of open neural tube 
defects, €.g., anencephaly (see Fig. 15~10) 
and severe types of spina bifida (see Fig. 
18-17) in fetuses of mothers who have al- 
ready had a child with a neural tube defect. 
The findings would help to decide whether 
the pregnancy should be terminated, 


Spectrophotometric Studies. Examination 
of amniotic fluid by this method may be used for 
assessing the degree of erythroblastosis fetalis 
(also called hemolytic disease of the fetus and 
newborn). This condition results from destruction 
of fetal red blood cells by maternal antibodies (see 
Chapter 7). 

Sex Chromatin Patterns. Fetal sex can be 
diagnosed by noting the presence or absence of 
sex chromatin in cells recovered from amniotic 
fluid (Fig. 6-144 and 8). By use of a special 
Staining technique, the Y chromosome can also be 
identified in the cells of male fetuses (Fig. 6~14C). 
Knowledge of fetal sex can be useful in diagnosing 
the presence of severe sex-linked hereditary dis- 
eases such as hemophilia or muscular dystrophy 
{Riis and Fuchs, 1966, and Page et al., 1981). 
These tests, however, are not routine and are not 
performed merely to satisfy the parents’ curiosity 
about fetal sex. 

Cell Cultures. Fetal sex can also be deter- 
mined by studying the sex chromosomes of cul- 
tured amniotic cells. These studies are more com- 
monly done when an autosomal abnormality such 
as occurs In Down syndrome is suspected. Inborn 
errors of metabolism in fetuses can also be detect- 
ed by studying cell cultures. Enzyme deficiencies 
can be determined by incubating cells recovered 
from amniotic fluid and then detecting the specific 
enzyme deficiencies in the cells. For a list of the 
hereditary metabolic disorders that can be diag- 
nosed before birth, see Page et al., 1981. Amnio- 
centesis and cell cultures permit prenatal diagno- 
sis of severe diseases for which there is no 
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effective treatment at present, and they afford the 
opportunity to terminate the pregnancy (Laurence 
and Gregory, 1976). Possible problems in the use 
of cultured amniotic fluid cells for biochemical 
diagnosis are discussed by Littlefield (1971) and 
Thompson and Thompson (198@)- 


INTRAUTERINE FETAL TRANSFUSION 


Some fetuses with erythroblastosis fetalis can 
be saved by receiving intrauterine blood transfu- 
sions. The blood is injected through a needle 
inserted into the feta! peritoneal cavity (for techni- 
cal details, see Allen and Umansky, 1972). Over a 
period of five to six days, most of the cells pass 
into the fetal circulation via the diaphragmatic 
lymphatics (Pritchard and Weisman, 1957), Intra- 
uterine blood transfusions are seldom given nowa- 
days, owing to the treatment of Rh negative 
mothers of Rh positive fetuses with anti-Rh im- 
munoglobulin. 


FETOSCOPY 


Using fiberoptic lighting instruments, one may 
directly visualize parts of the fetal body. It is 
possible to scan the entire fetus, looking for 
congenital malformations such as cleft hp. The 
fetoscope is usually introduced through the an- 
terior abdominal wall and the uterine wall into the 
amniotic cavity, similar to the way the needle ts 


Figure 6-15 Ultrasound scan ofa 
30-week fetus that appears to be 
sucking its thumb. it reminds one of 
the cover photograph. The biparietal 
diameter of the head can be deter- 
mined and compared with the ab- 
dominal diameter. Determination of 
these measurements facilitates es- 
timation of the age and weight of the 
fetus. (From Thompson, J. S., and 
Thompson, M. W.: Genetics In Medi- 
cine. 3rd ed. Philadelphia, W. B. 
Saunders Co., 1980. Courtesy of 
Stuart Campbell} 


inserted during amniocentesis (Fig. 6-13). One 
not only can see the fetus, but also take biopsies 
of skin or blood samples. Probably the optimal 
time for doing this procedure is at 18 weeks of 
pregnancy, because the amniotic sac is large 
enough to allow easy entry of the trochar, and the 
fetus can be maneuvered for inspection (Kaback 
and Valenti, 1976, and Persaud, 1979). 

The procedure takes more time than amniocen- 
tesis and creates a higher risk of infection or of 
spontaneous abortion. Such examinations may 
have a role to play in the future if the intrauterine 
diagnosis and treatment of conditions in the fetus 
are developed. 


ULTRASONOGRAPHY 


A chorionic sac may be visualized during 
the embryonic period by using ultrasound 
techniques; placental and fetal size, multiple 
births, and abnormal presentations can also 
be determined (Gosink, 1981, and Mac Vicar, 
1976). 

Ultrasonic scans give accurate measure- 
ments of the biparietal diameter of the fetal 
skull, from which close estimates of fetal 
length can be made (Page et al., 1981). Thus 
**small for date’’ fetuses can be detected. In 
most cases, the male genitalia can be visual- 
ized by ultrasound. Figure 6-15 illustrates 








108 


how details of the fetus can be observed in 
good ultrasound scans. 

Ultrasound examinations are also helpful 
in diagnosing at a very early stage abnormal 
pregnancies, e.g., the so-called blighted em- 
bryo (a pregnancy in which there is a 
chorionic sac with no embryo, or one in 
which there is a hydatidiform mole). 

Recent advances in ultrasonography have 
made this technique a major tool for prena- 
tal diagnosis of fetal abnormalities such as 
the following: anencephaly, hydrocephaly, 
microcephaly, fetal ascites, and renal agene- 
sis (Persaud, 1979; Sanders and James, 1980; 
Page et al., 1981). Because of the cost, 
ultrasonography for estimation of gestational 
age and for the determmation of congenital 
malformations 1s not routine. It is indicated 
in high-risk obstetrical patients (e.g., when 
there is a medical indication for induction of 
labor). 


AMNIOGRAPHY AND FETOGRAPHY 


In amniography and fetography, a radi- 
opaque substance is injected into the amniot- 
ic Cavity in order to outline the amniotic sac 
and the external features of the fetus (Per- 
saud, 1979). A water-soluble contrast me- 
dium is used in amniography, and in fetog- 
raphy an oil-soluble contrast medium is in- 
jected. The latter medium is apparently 
absorbed by the vernix caseosa. 

The examinations are usually conducted 
15 to 18 weeks after LMP on women who 
are, usually owing to evidence of elevated 
amniotic fluid fetoprotein, suspected of hav- 
ing fetuses with open neural tube defects or 
other severe congenital malformations. 

Another benefit of amniography and fetog- 
raphy is that these methods allow one to 
study the gastrointestinal tract via observa- 
tion of normal swallowing of the contrast- 
containing amniotic fluid (Balsam and Weiss, 
1981). Fetuses with esophageal atresia (see 
Fig. 11-5A), duodenal atresia (see Fig. 12- 
5B), and omphalocele (see Fig. 12-16) can be 
diagnosed prenatally using these tech- 
niques. 

It is likely that ultrasonography will ulti- 
mately replace amniography and fetography 
for prenatal diagnosis of neural tube defects 
because ultrasound techniques use no ioniz~ 
ing radiation and are noninvasive (i.e., they 
do not involve puncture of the fetal mem- 
branes). 
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SUMMARY OF FETAL PERIOD 


The fetal period begins nine weeks after 
fertilization and ends at birth. It is primarily 
characterized by rapid body growth and dif- 
ferentiation of organ systems. An obvious 
change is the relative slowing of head growth 
compared with that of the rest of the body. 
Lanugo and head hair appear, and the skin is 
coated with vernix caseosa by the beginning 
of the twentieth week. The eyelids are closed 
during most of the fetal period but begin to 
reopen at about 26 weeks. Until this time, 
the fetus is usually incapable of extrauterine 
existence, mainly because of immaturity of 
the respiratory system. 

Until about 30 weeks, the fetus appears 
reddish and wizened because of the thinness 
of the skin and the relative absence of subcu- 
taneous fat. Fat usually develops rapidly 
during the Jast six to eight weeks, giving the 
fetus a smooth and plump appearance. This 
terminal period is devoted mainly to building 
up of tissues and to preparing systems in- 
volved in the transition from intrauterine to 
extrauterine environments, primarily the re- 
spiratory and cardiovascular systems. a 

Fetuses born prematurely during the 26- to 
36-week period usually survive, but full-term 
fetuses have the best chance of survival. 

Changes occurring during the fetal period 
are not so dramatic as those appearing in the 
embryonic period, but they are very impor- 
tant. The fetus is less vulnerable to the 
teratogenic effects of drugs, viruses, and 
radiation, but these agents may interfere 
with normal functional development, espe- 
cially of the brain and the eyes (see Chapter 
8). 

Various techniques are available for as- 
sessing the status of the fetus and for diag- 
nosing certain diseases and developmental 
abnormalities before birth. The physician 
Can now determine whether or not a fetus 
has a particular disease or a congenital mal- 
formation by using amniocentesis and ultra- 
sonography. The prenatal diagnosis can be 
made early enough to allow selective abor- 
tion of a defective fetus if this is the mother’s 
decision and if the procedure is legal. 


SUGGESTIONS FOR ADDITIONAL 
READING 


Cheek, D. B., Graystone, J. E., and Niall, M.: Factors 
controlling fetal growth. Clin. Obstet. Gynec. 20:925, 
i977. A comprehensive review of factors, especially 
hormones, that play a role in the growth of a fetus. 
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Gosink, B. B.: Diagnostic Ultrasound. 2nd ed. Philadel- 
phia, W. B. Saunders Co., 1981. A complete introduc- 
tion to applications of ultrasound through clinical ex- 
ercises. 

Mandelbaum, B., and Evans, T. N_: Life in the amniotic 
fluid. Am. J. Obstet. Gynecol. 104:365, 1969. Amnio- 
graphy, fetal radiography, and angtography are pre- 
sented with respect to recent developments and the 


role that these techniques have in assessing the status 
of the fetus. 

Page, E. W.: Human fetal nutrition and growth. Am. J. 
Obstet. Gynecol, 104:378, 1969. A review of intrau- 
terine nutntion of the fetus in which fetal metabolism, 
alterations of maternal metabolism affecting the fetus, 
maternal nutrition, and the factors that regulate or 
interfere with fetal growth are discussed. 


CLINICALLY ORIENTED PROBLEMS 


+. A woman in the twentieth week of gestation was scheduled for a repeat 

cesarean section. Her doctor wanted to establish an estimated date of 

delivery. Can a doctor rely on the accuracy of the menstrual dates given by 
patients? How could an estimated delivery date (EDD) be established? 

_ A 42-year-old pregnant woman was suspected of carrying a fetus with 

congenital malformations. How could confirmation of this be obtained? What 

chromosomal abnormality would most likely be found? How could the sex of 


the fetus be determined if this was of clinical interest (e.g., in a carrier of he- 


mophilia)? 


. A woman in the second trimester of pregnancy asked her doctor whether her 
fetus was vulnerable to “over-the-counter drugs’’ and “‘street drugs.’’ What 


would her doctor likely tell her’? 


4. Name at least four factors that may cause intrauterine growth retardation. 
Which factors can the mother eliminate? 


The answers to these questions are given at the back of the book. 
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The chorion, the amnion, the yolk sac, and 
the allantois constitute the embryonic or 
fetal membranes. These membranes develop 
from the zygote but do not form parts of the 
embryo, with the exception of portions of the 
yolk sac and allantois. The dorsal part of the 
yolk sac is incorporated into the embryo as 
the primordium of the primitive gut (see Fig. 
5-1}. The allantois is represented in the adult 
as a fibrous cord, the median umbilical liga- 
ment, which extends from the apex of the 
urinary bladder to the umbilicus. 

The placenta has two components: (1) a 
fetal portion developed from the chorion, 
and (2) a maternal portion formed by the 
endometrium. Before birth, the fetal mem- 
branes and placenta perform the following 
functions and activities: protection, nutri- 
tion, respiration, excretion, and hormone 
production. At birth, or parturition, the fetal 
membranes and placenta are expelled from 
the uterus as the afterbirth (Pig. 7-10F). 


THE DECIDUA 


The term decidua (L. deciduus, a falling 
off) is applied to the functional layer of the 
gravid, or pregnant, endometrium, indicating 
that it is shed at parturition. Decidual cells 
are a characteristic feature of the decidua 
(Fig. 7-1B); these large, pale-staining en- 
dometrial stromal celis contain farge 
amounts of glycogen and lipids. The full 
significance of decidual cells is not under- 
stood at present, but it has been suggested 
that they may provide some nourishment for 
the embryo and protect the maternal tissue 
against uncontrolled invasion by the tropho- 
blast (Ramsey, 1965). It has also been sug- 
gested that decidual cells may be involved m 
hormone production (Dallenbach-Hellweg 
and Nette, 1964). 

Three regions of the decidua are identified 
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according to their relation to the implanta- 
tion site (Fig. 7-2): (14) The part underlying 
the conceptus and forming the maternal com- 
ponent of the placenta is the decidua basalis; 
(2) the superficial portion overlying the con- 
ceptus is the decidua capsularis; and (3) all 
the remaining uterine mucosa is the decidua 
parietalis. 


PLACENTAL DEVELOPMENT AND 
STRUCTURE 


Previous descriptions have traced the 
rapid proliferation of the trophoblast and 
development of the chorionic sac and its villi 
(see Chapters 3 and 4), By the beginning of 





eiiuie 7-1 en of sections of the 
endometrium. A, During the secretory phase of the 
menstrual cycle (Chapter 2). Note the appearance of 
the stromat cells around the glands. 8, The decidua 
during the second month of pregnancy, showing the 
characteristic pale-staining decidual cells. These 
giycogen- and lipid-laden cells are highly modified 
stromal cells {x 80). 
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Figure 7~2 A, Drawing of a frontal section af the uterus showing the elevation of the decidua capsularis 
caused by the expanding charionic sac of a four-week embryo, implanted in the endometrium on the posterior 
wail, 8, Enlarged drawing of the implantation site. The chorionic villi have been exposed by cutting an opening 
in the decidua capsularis. C to F, Drawings of sagittal sectians of the gravid uterus from the fourth to 
twenty-second weeks, showing the changing relations af the fetal membranes to the decidua. In F, the amnion 
and chorion are fused with each ather and the decidua parietalis, thereby obliterating the uterine cavity, Note 
that the villi persist only where the charion is associated with the decidua basalis, here they form the villous 
chorion (feta! portion of the placenta), 


INCREASE IN SIZE OF THE UTERUS 


(IZDIAD AL-RAHEM 


ed) 33)! ) 


(& knowledge on some aspects of the embryo’s condition) 


When AJI-Ghaydh stage of the Nutfah 
(which may be taken to include the process of 
implantation) is completed the embryo estab- 
lishes contact with the mother’s circulation 
and thus receives the required amounts of 
nutrients which are necessary for its develop- 
ment. A rapid stage of development follows 
and the size of the uterus then begins to 
increase (Izdiad Al-Rahem) see fig. 7-2. 

If we refer to the stage of Al-Ghaydh (p. 
36a) we note that the key to the embryo’s 
future is decided at this stage and no one 
knows this but Allah. One of these aspects is 
the sex of the embryo. 

We understand from the interpretation of 
Al-Bukhari of Sura Alra’d that the key to the 
future of the embryo (p. 36a) lies in the stage 
of Al-Ghaydh, On the otherhand the 
following Ayah informs us that the conceptus 
passes through two stages : 
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“Allah knows what every female 
bears and what is penetrating and 
decreasing in the womb and what is 
increasing.....” 

(Surah Al-Ra‘d, Ayah 8) 


a) The stage of Al-Ghaydh: This includes the 
key to the future according to Al-Bukhari 
(told by Abdullah Ibn Omar, may Allah be 
pleased with both). 


b) The stage of Izdiad: This is outside the 
aspects which are part of the key to the 
embryo’s future, as concluded from the 
above Ayah. Therefore, Izdiad Al-Rahem 
is a Stage open to human knowledge as it 
lies outside the keys to the future, which 
only Allah knows. 

The Hadith tells us on many occasions that 
Angels after the first 40 days know many 
things about the embryo’s future e.g. sex, 
happiness etc. This can be taken to indicate 
that it is also possible for man and others to 
know somethings about the embryo’s future. 
This is possible in the stage of Izdiad Al- 
Rahem which, as explained above, lies outside 
the keys of the future which only Allah knows. 
This conclusion was drawn by Ibn Kathir (vol. 
3, pp 454-6). 
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“....and also no One knows what is in the 
wombs, of what Allah wants to create, except 
Allah, Glory be to Him; but if Allah willed it 
to be male or female, unhappy or happy, He 
informed the Angels who are concerned with 
that and those He wished to inform of His 
creatures”. 
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Figure 7-3 Photographs of human chorionic 
sacs. A, 21 days. The entire sac is covered with 
chorionic villi (<4). B, Eight weeks. Actua! size. 
As the decidua capsularis becomes stretched and 
thin, the villi on the corresponding part of the 
chorionic sac gradually degenerate and disap- 
pear, leaving a smooth charian (see Fig. 7-2C and 
D). The remaining villous chorion forms the fetai 
contribution to the placenta. (From Potter, E. L.: 
Pathology of the Fetus and Infant. 2nd ed. Copy- 
right © 1961 by Year Book Medical Publishers, 


Inc., Chicago. 


the fourth week, the arrangements necessary 
for physiological exchanges between the 
mother and embryo are established. 

Up to about the eighth week, villi cover 
the entire surface of the chorionic sac (Figs. 
7-2C and 7~3A). As the sac grows, the villi 
associated with the decidua capsularis be- 
come compressed, and their blood supply 
reduced; subsequently, these villi begin to 
degenerate (Figs. 7-2D, and 7-38), produc- 
ing arelatively avascular bare area known as 
the smooth chorion, or chorion laeve (L. 
levis, smooth). As this occurs, the villi asso- 
ciated with the decidua basalis rapidly in- 
crease in number, branch profusely, and 


smooth 
chorion 


villous 
chorion 





enlarge. This portion of the chononic sac is 
Known as the villous chorion, or chorion 
frondosum (L. frondosus, leafy). 

The fetal component of the placenta con- 
sists of the chorionic plate (Fig. 7-5) and the 
chorionic villi that arise from it and project 
into the intervillous spaces containing mater- 
nal blood (Fig. 7~6). 

The maternal component of the placenta is 
formed by the decidua basalis (Figs. 7-2 and 
7-5). This comprises all the endometrium 
beneath the fetal component of the placenta, 
except the deepest part, which is often called 
the decidual plate. This layer remains after 
parturition (Fig. 7-10) and is involved in the 
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regeneration of the endometrium during the 
subsequent uterine cycle, or menstrual cycle 
(see Fig. 2-6). 

The shape of the piacenta 1s determined by 
the form of the persistent area of chorionic 
villi (Fig. 7-2F); usually this is circular, 
giving the placenta a discoid shape (Fig. 
7-4). As the villi invade the decidua basalis, 
they leave several wedge-shaped areas of 
decidual tissue called placental septa (Fig. 
7-6). The placental septa divide the fetal part 
of the placenta into 10 to 38 irregular convex 
areas, composed of lobes and lobules, called 
cotyledons (Fig. 7-12A). Each cotyledon 
consists of two or more main stem villi and 
their many branches. 

The Intervillous Spaces [{Figs. 7-2D 
and 7-5). The blood-filled intervillous 
spaces are derived mainly from the lacunae 
that developed in the syncytiotrophoblast 
during the second week (Fig. 3~1C). During 
subsequent invasion by the syncytiotropho- 
blast, these spaces enlarge at the expense of 
the decidua basalis. Collectively, the spaces 





form a large blood sinus, the intervillous 
space, which is bounded by the chorionic 
plate and decidua basalis (Figs. 7-5 and 7-6). 
The intervillous space is divided into com- 
partments by the placental septa, but, be- 
cause the septa do not reach the chorionic 
plate, there is communication between the 
intervillous spaces of different compart- 
ments. The intervillous space is drained by 
endometrial veins that are found over the 
entire surface of the decidua basalis (Fig. 
7-6). 

Maternal blood circulates through the in- 
tervillous spaces, bringing nutritive and 
other substances necessary for embryonic 
and fetal development, and taking away the 
waste products of fetal metabolism. 

Fate of the Decidua Capsularis (Fig. 
7-2). The decidua capsularis is the part of 
the endometrium that is superficial to the 
embryo, forming a capsule over it. As the 
conceptus enlarges, the decidua capsularis 
bulges into the uterine cavity and soon be- 
comes greatly attenuated, Eventually, the 
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Figure 7~4 Photograph of a human chorionic sac containing a 13-week fetus showing the smooth and 
villous areas of the chorion. Actual size. To visualize how this chorionic sac was situated in the uterus prior to 
abortion, see Figs. 7-2E and 7~5. The villous chorion, or chorion frondosum, is sometimes referred to as the 
fetal placenta because it is the fetal component of the placenta. 
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Figure 7-5 Drawing of a sagittal section of a 
gravid uterus at 22 weeks showing the relation of the 
fetal membranes to each other and to the decidua. 
The fetus has been removed, and the amnion and 
smooth chorion have been cut and reflected. 


decidua capsularis fuses with the decidua 
parietalis, thereby obliterating the uterine 
cavity (Fig. 7-2 F). By about 22 weeks, re- 
duced blood supply causes the decidua cap- 
sularis to degenerate and disappear. 

The Amniochorionic Membrane (Figs. 
7-2, 7-5, and 7-6). The amniotic sac en- 
larges somewhat faster than the chorionic 
sac, and their walls soon fuse to form the 
amniochorionic membrane. This membrane 
fuses with the decidua capsularis and then, 
after disappearance of the decidua capsu- 
laris, fuses with the decidua parietalis. 

Yt is the amniochorionic membrane, com- 
posed of the amnion and the smooth chorion, 
that ruptures or is ruptured artificially during 
labor (Fig. 7-10). Premature rupture of the 
membranes is the most common event lead- 
ing to premature labor (Page et al., 1981). 

The Fetomaternal Junction. The fetal 
placenta (or villous chorion) is anchored to 
the maternal portion of the placenta (or de- 
cidua basalis) by the cytotrophoblastic shell 
(see Fig. 4-12). Certain villi, appropnately 
called anchoring villi (Fig. 7-6), arise from 
the chorionic plate and pass through the 


intervilous space to attach firmly to the 
decidua basalis by way of the cytotropho- 
blastic shell. In addition to anchoring the 
chorionic plate to the decidua basalis, the 
anchoring villi give origin to branches called 
free, or floating, villi because they float in the 
blood-filled intervillous spaces. 

In placentas such as those in humans, the 
syncytiotrophoblast is highly invasive; as a 
result, there 1s considerable necrosis of the 
decidua basalis and deposition of fibrinoid 
material (Fig. 7~7C). A more or less continu- 
ous layer of fibrmoid material, often called 
Nitabuch’s layer, forms and separates the 
fetal and maternal parts of the placenta. 
Placental separation occurs deep to this 
layer during the third stage of labor (Fig. 
7-10F; thus it is shed with the placenta. 


PLACENTAL CIRCULATION 


The placenta essentially provides a large 
area where materials may be exchanged 
across the placental membrane interposed 
between the fetal and maternal circulations 
(Figs. 7-7 and 7-8). Although the circula- 
tions of the fetus and the mother are separat- 
ed by the placental membrane consisting of 
fetal tissues, they are contiguous (L. con- 
figuus, in contact). 

Fetal Placental Circulation (Fig. 7-6). 
Deoxygenated blood leaves the fetus and 
passes through the umbilical arteries to the 
placenta. Where the cord attaches to the pla- 
centa, these arteries divide into a number 
of radially disposed vessels (Fig. 7-12B) that 
branch freely in the chorionic plate before 
entering the villt. 

The blood vessels form an extensive 
arterio-capillary-venous system within the 
villus (Fig. 7-74), bringing the fetal blood 
very close to the maternal blood (Figs. 7-6 
and 7-8). There is normally no gross inter- 
mingling of fetal and maternal blood. The 
oxygenated fetal blood passes into thin- 
walled veins that follow the placental arteries 
back to the site of attachment of the umbili- 
cal cord, where they converge to form the 
umbilical vein. This large vessel carries the 
oxygenated blood to the fetus (Fig. 7-6). For 
further details of the fetal circulation, see 
Chapter 14 and Figure 14-38. 

The rate of blood flow in the fetal placental 
circulation is relatively high and is regulated 
by the interaction of blood pressure and 
vascular resistance. For a discussion of the 
control of fetal placental circulation and the 
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Figure 7-6 Schematic drawing of a section through a full-term placenta, showing (1) the relation of the 
villous chorion (fetal placenta) to the decidua basalis (maternal placenta), (2) the fetal placental circulation, and 
(3) the maternal placental circulation. Maternal blood flows into the intervillous spaces in tunnel-shaped 
spurts, and exchanges occur with the tetal blood as the maternal blood flows around the villi. The inflowing 
arterial blood pushes venous blood out into the endometrial veins, which are scattered over the entire surface 
of the decidua basalis. Note that the umbilical arteries carry deoxygenated fetal blood (shown in blue) to the 
placenta and that the umbilical vein carries oxygenated blood (shown in red) to the fetus. Note that the 
cotyledons are separated from each other by decidual septa of the maternal portion of the placenta. Each 
cotyledon consists of two or more main stem villi and their many branches. In this drawing only one main stem 
villus is shown in each cotyledon, but the stumps of those that have been removed are indicated. (Based on 


Ramsey, 1965.) 


effects of oxygen, carbon dioxide, and drugs, 
see Martin (1968). 

Maternal Placental Circulation (Fig. 7- 
6). Blood in the intervillous space is tempo- 
rarily outside the maternal circulatory sys- 
tem; it enters the intervillous space through 
80 to 100 spiral arteries, or endometrial 
arteries (see Figs. 2-5B and 7-6). The flow 
from these vessels is pulsatile and is pro- 
pelled in jet-like fountains or streams by the 
maternal blood pressure. The entering blood 
is at a considerably higher pressure than that 
in the intervillous space and so spurts toward 
the chorionic plate, often called the ‘troof”’ 
of the intervillous space. As the pressure 
dissipates, the blood slowly flows around 
and over the surface of the villi, allowing an 
exchange of metabolic and gaseous products 
with the fetal blood. The maternal blood 
eventually reaches the decidual plate, often 
called the ‘‘floor’’ of the intervillous space, 


where it enters the endometrial veins (Fig. 
7~6). 

The welfare of the embryo and fetus de- 
pends more on the adequate bathing of the 
chorionic villi by maternal blood than on any 
other factor. Acute reductions of uteropla- 
cental circulation result in fetal hypoxia, or 
fetal death. Chronic reductions of uteropla- 
cental circulation result in disturbances of 
growth and development that constitute a 
syndrome known as intrauterine growth re- 
tardation. 


The intervillous space of the mature placenta 
contains about 150 ml of blood, which is replen- 
ished three or four times per minute. The rate of 
uteroplacental blood flow increases during preg- 
nancy from about 50 ml per minute at 10 weeks to 
$00 to 600 ml per minute by full term (Martin, 
1968). The intermittent contractions of the uterus 
during pregnancy decrease uteroplacental blood 
flow, but they do not squeeze significant amounts 
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of blood out of the intervillous space. Conse- 
quently, oxygen transfer to the fetus is decreased 
during uterine contractions, but it does not stop. 

The Placental Membrane (Figs. 7-7 
and 7-8). This membrane consists of the 
fetal tissues separating the maternal and fetal 
blood, Until about 20 weeks, it consists of 
four layers: (1) syncytiotrophoblast, (2) cyto- 
trophoblast, (3) the connective tissue core of 
the villus, and (4) the endothelium of the fetal 
capillary. 


The placental membrane is often called the 
placental ‘‘barrier’’, but this term is inappropriate 
because there are few compounds, endogenous or 
exogenous, that are unable to cross the placental 
membrane in detectable amounts (Page et al., 
1981). The placental membrane acts as a true 
barrier only when the molecule has a certain size, 
configuration, and charge (e.g., heparin). Most 
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drugs or other chemicals present in the maternal 
plasma will also be found in the fetal plasma. 

Electron micrographs of the syncytiotro- 
phoblast show that its free surface has many 
microvilli that increase the surface area for 
exchange between the maternal and fetal 
circulations. After 20 weeks, (1) the cyto- 
trophoblast no longer forms a continuous 
layer, (2) the relative amount of connective 
tissue is reduced, and (3) the number and 
size of the fetal capillaries increase. 

As pregnancy advances, the placental 
membrane becomes progressively thinner, 
and many capillaries come to lie very close 
to the syncytiotrophoblast (Fig. 7-7C), At 
some sites, the syncytiotrophoblastic nuclei 
form nuclear aggregations, or syncytial 
knots (Fig. 7-7C). These knots continually 
break off and are carried into the maternal 
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Figure 7-7 A, Drawing of a chorionic villus showing the arterio-capillary-venous system carrying fetal 
blood. The artery carries deoxygenated blood and waste products from the fetus, whereas the vein carries 
oxygenated blood and nutrients to the fetus. 8 and C, Drawings of sections through a chorionic villus at 10 
weeks and at full term, respectively. The villi are bathed externally in maternal blood. The placental membrane, 
composed of fetal tissues, separates the maternal blood from the fetal blood (see also Fig. 7-8). 
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circulation. Some may lodge in capillaries of 
the maternal lung, where they all soon die 
and disappear (Benirschke, 1972). Toward 
the end of pregnancy, fibrinoid material 
forms on the surfaces of villi (Fig. 7-7C),; it 
consists of fibrin and other, unidentified sub- 
stances that stain intensely with eosin. All 
the aforementioned changes result mainly 
from aging and appear to cause reduced 
placental function. 


Hofbauer Cells (Fig. 7-78}. These cells with 
large spherical nuclei and vacuolated cytoplasm 
appear in the cores of villi, particularly during the 
first half of pregnancy. Histochemical tests indi- 
cate that their vacuoles contain mucopolysac- 
charides, mucoproteins, and lipids (Boyd and 
Hamiiton, 1970), The complete role of these cells 
is uncertain, but they have the general qualities of 
macrophages (Benirschke, 1972). Possibly, they 
are phagocytic (Ham and Cormack, 1979). 


PLACENTAL ACTIVITIES 


The placenta has three main activities: (1) 
metabolism, (2) transfer, and (3} endocrine 
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secretion; all are essential for maintaining 
pregnancy and promoting normal embryonic 
development. 


PLACENTAL METABOLISM 


The placenta, particularly during early 
pregnancy, synthesizes glycogen, cholester- 
ol, and fatty acids, and serves as a source of 
nutrients and energy for the embryo. Many 
of its metabolic activities are undoubtedly 
critical for the major placental activities of 
transfer and endocrine secretion. 


PLACENTAL TRANSFER 


Almost all materials are transported across 
the placental membrane by one of the follow- 
ing four mechanisms: (1) simple diffusion, (2) 


facilitated diffusion, (3) active transport, and 


(4) pinocytosis (Page et al., 1981). Three 
other modes of transfer are sometimes used. 
(1) Fetal red blood cells pass into the mater- 
nal circulation, particularly during labor, 
presumably through microscopic breaks in 


mather's lungs and kidneys 











sina via 1 

urea, uric acid a endametrial Nutrients Harmful Substances 
arteries GSR 00 axygen drugs, paisans & 

Other Substances yo\g of 2 0 7 water -carban manaxide 

Bese acest SO BO0ng 020 Balevd 

B i fetalag. Oo 2 carbohydrofes rubella 
R.B.C. antigens ; ‘ ate z amina acids vindbes Cora wade: 
ida Tae a7 She lipids virus 





intervillaus 
# 0 ‘spacey 
Bi o-'o © 






placental 
membrane 





metria! 
sptra! 
arteries 





electrolytes strantium -90 





Taxaplasma gandii 






Other 
Substances 


antibadies , 
IgG & vitamins 


Nontransferable Substances 


bacteria, heparin 
tronsferrin, igM 


Figure 7-8. Diagrammatic illustration of ptacental transfer. The tissues across which transport of sub- 
stances between the mother and fetus occurs collectively constitute the placental membrane. This composite 
membrane is composed entirely of tissues of fetal arigin: syncytiotrophoblast, stroma in the villus, and the 
endothelium of the fetus capillary (see also Fig. 7-7). (Inset photomicrograph from Javert, C. T.: Spontaneous 
and Habituaf Abortion. 1957. Courtesy of The Blakiston Division, McGraw-Hill Book Co. Copyright ©1957 by 
McGraw-Hill, Inc. Used by permission of McGraw-Hill Book Company.) 
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the placental membrane (Fig. 7-8). Labeled 
maternal red blood cells have also been 
found in the fetal circulation (Page et al., 
1981). Thus, red blood cells may pass in 
either direction through breaks in the placen- 
tal membrane. (2} Other cells cross the pla- 
centa under their own power, e.g., maternal 
leucocytes and Treponema pallidum, the or- 
ganism that causes syphilis. Some bacteria 
and protozoa infect the placenta by creating 
lesions and then enter the fetal blood. 

Gases. Oxygen, carbon dioxide, and 
carbon monoxide cross the placental mem- 
brane by simple diffusion. Interruption of 
oxygen transport for even a few minutes will 
endanger fetal survival (Boyd and Hamilton, 
1970). The uterus near term extracts 20 to 35 
ml of oxygen per minute from the maternal 
blood (Page et al., 1981). Over half of this 
oxygen is transferred to the fetus by simple 
diffusion alone. The placental membrane ap- 
proaches the efficiency of the lung for gas 
exchange. The quantity of oxygen reaching 
the fetus is primarily flow-limited rather than 
diffusion-limited, Hence, fetal hypoxia re- 
sults primarily from factors that diminish 
either the uterine blood flow or the fetal 
blood flow. 

Nutrients. Water is rapidly and freely 
exchanged between mother and fetus, and in 
increasing amounts aS pregnancy advances. 
There is little or no transfer of maternal 
cholesterol, triglycerides, or phospholipids 
(Page et al., 1981). There is transport of free 
fatty acids, but the amount transferred is 
probably relatively small. Vitamins cross the 
placenta and are essential to normal develop- 
ment. Water-soluble vitamins cross the pla- 
cental membrane more quickly than fat- 
soluble ones. Glucose is quickly trans- 
ferred. 

Hormones. Protein hormones do not 
reach the fetus in significant amounts, except 
for a slow transfer of thyroxine and triiodo- 
thyronine (Page et al., 1981). Unconjugated 
steroid hormones pass the placental mem- 
brane rather freely. Testosterone and certain 
synthetic progestins cross the placenta and 
may cause masculinization of female fetuses 
(see Fig. 8-16 and Table 8-3). 

Electrolytes. These are freely ex- 
changed across the placenta in significant 
quantities, each at its own rate. When a 
mother receives intravenous fluids, they also 
pass to the fetus and affect its water and 
electrolyte status. 


Antibodies. Some passive immunity is 
conferred upon the fetus by placental 
transfer of maternal antibodies. The alpha 
and beta globulins reach the fetus in very 
small quantities, but many of the gamma 
globulins, notably the IgG (7S) class, are 
readily transported to the fetus. Maternal 
antibodies confer on the fetus immunity to 
such diseases as diphtheria, smallpox, and 
measles, but no immunity is acquired to 
pertussis (whooping cough) or chickenpox. 
Maternai antibodies are taken up by pinocy- 
tosis (Gr. pinein, to drink) of the syncytio- 
trophoblast, a process involving the inges- 
tion of fluids and their contained solutes. The 
antibodies subsequently enter the fetal capil- 
laries. 

As previously stated, small amounts of 
blood may pass from the fetus to the mother 
through microscopic breaks in the placental 
membrane. If the fetus is Rh-positive and the 
mother Rh-negative, the fetal cells may stim- 
ulate the formation of anti-Rh antibody by 
the mother. This passes to the fetal blood 
Stream and causes hemolysis of fetal Rh- 
Positive blood cells and anemia in the fetus. 
Some fetuses with this condition, known as 
hemolytic disease of the newborn (HDN), or 
erythroblastosis fetalis, fail to make a satis- 
factory intrauterine adjustment and may die 
unless delivered early or given intrauterine 
blood transfusions (discussed in Chapter 6). 

Exchange transfusions are also performed 
after birth, using the umbilical vein. Most of 
the infant’s blood is replaced with Rh- 
negative donor blood. This technique pre- 
vents death of erythroblastotic babies who 
are Very anemic. It also avoids brain damage 
by preventing or controlling hyperbilirubin- 
emia (Reid et al., 1972). 

When the placenta separates at birth (Fig. 
7-\0F), the mother often receives a small 
transfusion of fetal blood into her circulation 
from ruptured fetal chorionic vessels. Hf she 
is Rh-negative and the infant Rh-positive, the 
fetal red cells can stimulate a permanent 
antibody response in the mother. These fetal 
red blood cells can be destroyed rapidly by 
giving the mother high-titer anti-Rh anti- 
body. In this way, she does not become 
sensitized. For more tnformation on hemo- 
lytic disease of the newborn, see Thompson 
and Thompson (1980) and Page et al. 
(1981). 

Wastes. The major waste product, car- 
bon dioxide, diffuses across the placenta 
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even more rapidly than oxygen. Urea and 
uric acid pass the placental membrane by 
simple diffusion, and bilirubin is quickly 
cleared. 

Drugs. Most drugs and drug metabolites 
cross the placenta freely by simple diffusion, 
the exception being those witb a structural 
similarity to amino acids, e.g., methyldopa 
and the antimetabolites. Some drugs, e.g., 
thalidomide, cause congenital malformations 
(see Chapter 8). Fetal drug addiction may 
occur after maternal use of drugs such as 
heroin. Except for the muscle relaxants, 
such as succinylcholine and curare, most 
agents used for the management of labor 
readily cross the placenta. These drugs may 
cause respiratory depression of the newborn 
infant, depending on the dose and timing in 
relation to delivery (Ryan, 1972). All seda- 
tives and analgesics affect the fetus to some 
degree (Page et al., 1981). 

Drugs taken by the mother can affect the 
embryo or fetus directly or indirectly by 
interfering with maternal or placental me- 
tabolism (Gill and Davis, 1974). The amount 
of drug or metabolite reaching the placenta is 
controlled by the maternal blood level and by 
the blood flow through the placenta from 
both the maternal and the fetal circulations. 

Infectious Agents. Cytomegalovirus, 
rubella and Coxsackie viruses, and those 
viruses associated with variola, varicella, 
measies, and poliomyelitis may pass through 
the placental membrane and cause fetal in- 
fection. In some cases (e.g., rubella virus), 
congenital malformations may be produced 
(see Chapter 8). Organisms such as Trepon- 
ema pallidium, which causes syphilis, may 
cross the placental membrane. The spiro- 
chetes (spiral microorganisms) penetrate the 
placental membrane and enter the fetal 
blood, often causing death and/or malforma- 
tion of the fetus. 


PLACENTAL ENDOCRINE SECRETION 


Using precursors derived from the fetus, 
the mother, or both, the syncytiotrophoblast 
synthesizes various hormones. 

Protein Hormones. The well-docu- 
mented protein hormone products of the 
placenta are (1) human chorionic gonado- 
tropin (ACG), and (2) human chorionic so- 
matomammotropin (hCS), or human pla 
cental lactogen (hPL). 

The glycoprotein hCG, similar to luteiniz- 
ing hormone (LH), ts secreted by the syncy- 


tiotrophoblast during the third week, a few 
days after the completion of implantation. 
The concentration of hCG in the maternal 
blood and urine rises to a maximum by the 
eighth week and then declines to a lower 
level. 

In addition to hCG and hPL, human 
chorionic thyrotropin (hCT) and human 
chorionic corticotropin (hCACTH) are 
formed by the placenta. The placenta has a 
great potential for the synthesis of biologi- 
cally active peptide and protein hormones 
(Page et al., 1981). 

Steroid Hormones. The placenta plays 
a major role in the production of proges- 
terone and estrogens, Progesterone can be 
obtained from the placenta at all stages of 
gestation, indicating that this hormone is 
necessary for the maintenance of pregnancy. 
The placenta forms progesterone from ma- 
ternal cholesterol or pregnenolone. 

The ovaries of a pregnant woman can be 
removed after the first trimester without 
causing an abortion. Large amounts of pro- 
gesterone are produced during the first 
weeks of pregnancy by the corpus luteum of 
pregnancy in the ovary (see Fig. 6-4), but the 
placenta soon takes over this activity. 

Estrogens are also produced in large 
quantities by the syncytiotrophoblast. The 
placenta forms them from 19 carbon precur- 
sors, many of which are supplied by the fetus 
(Villee, 1975). 


UTERINE GROWTH DURING 
PREGNANCY 


The uterus of a nonpregnant female lies 
in the pelvis minor (Fig. 7-94). Naturally, 
the uterus increases in size durmg pregnancy 
to accommodate the needs of the growing 
fetus (Fig. 7~9B and C). While the uterus is 
increasing in size, it also increases in weight 
and its walls become thinner. During the first 
trimester, the uterus rises out of the pelvic 
cavity and usually reaches the level of the 
umbilicus by 20 weeks (Fig. 7-9B). By 28 to 
30 weeks, it reaches the epigastric region 
(Fig. 7-9C). The increase in size of the uterus 
largely results from hypertrophy of preexist- 
ing muscular fibers, and partly from the 
development of new fibers. 


PARTURITION, OR LABOR 


The birth process by which the fetus, 
placenta, and fetal membranes are expelled 


MAKING THE PASSAGE EASY’ 


(TAYSEER ASSABIL dks! jen ) 


“PARTURITION, OR LABOUR” 


gr ayes 
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“Then we made the passage 
(through the birth canal) easy”. 
(Surah ‘Abasa, Ayah 20) 


The birth canal apears to be a difficult 
passage for the baby. Normally the vagina can 
admit 3-4 fingers, while the cervix uteri is so 
tightly closed that even the little finger cannot 
be admitted into it. These tight passages are 
surrounded by a rigid ring of bony pelvis. 

“Allah” says that He made the passage 
(through the birth canal) easy. We now know 
on the basis of the following scientific discove- 
ries as to how this passage has been made easy. 
(a) Relaxin“); A hormone secreted by the 

ovaries and placenta, loosens the 
ligaments of the pelvic joints, and softens 
the cervix. 


(b) Uterine Contractions’); These begin in 
the upper uterine segment which is 
composed of the active contracting muscle 
tissue that supplies the force necessary to 
push the baby through the thin passive 
lower uterine segment. 

(c) Bag of Water: With each uterine 
contraction the membrances filled with 
amniotic fluid bulge as a bag of water 
through the cervix uteri and facilitate its 
dilatation. After rupture of the water, the 
menbranes provide a smooth slippery 
surface for the fetus to glide down. 
(Nawab and Azzindani, 1983). 

(d) Mechanism of Labour®): A series of 
changes in the attitude and position of the 
fetus facilitate its passage through the 
irregularly shaped pelvic cavity. As an 
example these changes for the occiput 
position are descent, flexion, internal 
rotation, extension, restitution and 
external rotation. 

All the above mentioned factors contribute 
in various ways to make the passage of the 
fetus through the birth canal easy. 


* See also Nawab M. Khan & Jean-Henri Baudet (1983), 8th Saudi Medical Conference Proceedings. 
1. Ganong, W.F. Review of Medical Physiology, 10th edition. Lange Medical Publications. Los Altos, California, 1981, 


pp- 331-357. 


2. Wilson, J.R. & Carrington, E.R. Obstetrics and Gynecology 61h Edition. Mosby 1979, pp. 137, 372, 380. 
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Figure 7-9 Diagrammatic drawings of sagittal sections of a female. A, Not pregnant. B, 20 weeks of 
pregnancy. C, 30 weeks of pregnancy, Note that as the fetus enlarges, the uterus Increases in size to 
accommodate the rapidly growing fetus. By 20 weeks the uterus and fetus reach the level of the umbilicus; by 
30 weeks they reach the epigastric region. The mother’s abdominal! viscera are displaced, and the skin and 
muscle of her anterior abdominal wall are greatly stretched. 
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Figure 7-10 Drawings illustrating the process of birth (parturition or labor). A and 8, The cervix is dilating 
during the first stage of labor. Note that the fused amnion and chorion are being forced into the cervical canal. 
C to E, The fetus passes through the cervix and the vagina during the second stage of labor. F, As the uterus 
contracts during the third stage of labor, the placenta folds up and pulls away from the uterine wall. Separation 
of the placenta results in bleeding and the formation of a large hematoma. 
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from the mother’s reproductive tract (Fig. 
7-10) is called parturition Gabor, or child- 
birth). The factors that trigger labor are not 
clearly understood. For many years, it was 
thought that the release of oxytocin from the 
maternal neurohypophysis most likely ini- 
tiated labor. There is now evidence that the 
quantity of steroids produced by the fetal 
adrenal cortex may be important in triggering 
some other event in the placenta or myome- 
trium that culminates in the onset of labor. 
One such event may be the release of sub- 
stances with oxytocic properties, i.e., sub- 
stances that stimulate uterine contractions. 
Current opinion is that the intermittent re- 
lease of oxytocin from the maternal neurohy- 


Figure 7-11 Photographs illustrating de- 
livery of the baby’s head during the second 
stage of labor. A, The head distends the 
mother's perineum, and part of the scalp 
becomes visible; this is called “crowning.” 
8, The perineum slips back over the face. C, 
The head Is delivered; subsequently the body 
of the fetus is expelled. (From Greenhill, J. 
6., and Friedman, E. A.; Biological Principles 
and Modern Practice of Obstetrics. Philadel- 
phia, W. 8. Saunders Co., 1974.) 








pophysis is important in determining the 
strength and duration of uterine contractions 
once labor is established (Page et al., 1981). 


THE STAGES OF LABOR 


Labor (L., toil, suffering) is the process of 
giving birth to a child. The word is synon- 
ymous with the term parturition (L. parturi- 
tio, childbirth). There are three stages: 

The first stage (dilatation stage) begins 
when there is objective evidence of progres- 
sive dilatation of the cervix. This occurs with 
the onset of regular contractions of the uter- 
us (less than 10 minutes apart and painful). 
The first stage ends with complete dilatation 
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of the cervix. The average duration of the 
first stage is about 12 hours for first pregnan- 
cies (nulliparous patients, or primigravidas), 
and about 7 hours for women who have had a 
child previously (multiparous patients, or 
multiparas), but there are wide variations. 

The second stage (expulsion stage) begins 
when the cervix is fully dilated and ends with 
the delivery of the baby (Figs. 7-10 and 
7-11). The average duration for primigravi- 
das is 50 minutes, and for multiparas, 20 min- 
utes. 

The third stage (placental stage) begins 
when the baby is born and ends when the 
placenta and membranes are delivered. The 
duration of this stage is ordinarily less than 
10 minutes. The placenta separates through 
the spongy layer of the decidua basalis. After 
delivery of the baby, the uterus continues to 
contract. As a result, a hematoma forms 
behind the placenta (Fig. 7-10) and sepa- 
rates it from the decidua basalis. After deliv- 
ery of the placenta, the myometrial contrac- 
tions constrict the spiral arteries that 
formerly supplied the intervillous spaces. 
These persistent contractions, which are al- 
most ‘‘tonic’’ in nature, prevent excessive 
bleeding from the placental site. 


THE FULL-TERM PLACENTA 


After birth, the placenta, the umbilical 
cord, and the associated fetal membranes 
(amnion and smooth chorion) are expelled 
from the uterus. The placenta (Gr. plakuos, a 
flat cake) commonly has a discoid shape 
(Fig. 7-12), with a diameter of 15 to 20 cm 
and a thickness of 2 to 3 cm. The placenta 
weighs 500 to 600 gm, usually about one 
sixth the weight of the fetus. The margins of 
the placenta are continuous with the rup- 
tured amniotic and chorionic sacs (Figs. 7-6 
and 7-12A and C). 


Variations in Placental Shape. Usually villi 
persist only where the chorion is in contact with 
the decidua basalis, giving rise to a discoid pla- 
centa (Fig. 7-12). When villi persist elsewhere, 
several variations in placental shape occur: acces- 
sory placenta (Fig. 7-13), bidiscoid placenta, dif- 
fuse placenta, and horseshoe placenta. Although 
there are innumerable variations in the size and 
shape of the placenta, most of them are of little 
physiological or clinical significance. 

Examination of the placenta may provide tnfor- 


mation about the causes of (1) placental dysfunc- - 


tion, (2) fetal growth retardation, (3) neonatal 
illness, and (4) infant death. Placental studies can 
also determine if the placenta and membranes are 


complete. Retention of a cotyledon or an accesso- 
ry placenta m the uterus may lead to late puer- 
peral hemorrhage (bleeding after the first 24 hours 
post partum), but retained placental tissue is more 
often present in cases of delayed hemorrhage after 
abortion than after a term delivery. 

Maternal Surface (Fig. 7-12A). The 
characteristic cobblestone appearance of this 
surface is caused by the 10 to 38 cotyledons, 
separated by grooves formerly occupied by 
the placental septa (Fig. 7-6). The surface of 
the cotyledons is covered by thin grayish 
shreds of decidua basalis, which are recog- 
nizable in sections of placenta examined 
under a microscope. Most of the decidua 
basalis, however, is temporarily retained in 
the uterus and shed with subsequent uterine 
bleeding. 

Fetal Surface (Fig. 7-128). The umbili- 
cal cord attaches to this surface, and its 
amniotic covering is continuous with the 
amnion adherent to this surface of the pla- 
centa. The vessels radiating from the umbill- 
cal cord are clearly visible through the 
smooth transparent amnion. The umbilical 
cord vessels subdivide on the fetal surface to 
form the chorionic vessels, which supply the 
chorionic villi (Fig. 7-6), 

The Umbilical Cord. The attachment of 
the umbilical cord is usually near the center 
of the placenta (Fig. 7-12B), but it may be 
found at any point (e.g., at the edge produc- 
ing a battledore placenta, Fig. 7~12D, or to 
the membranes forming a velamentous inser- 
tion, Fig. 7-14). | 

As the amniotic sac enlarges, the amnion 
sheathes the umbilical cord, forming the 
cord’s epithelial covering (Figs. 7-16 and 
7-17). The umbilical cord is usually 1 to 2 cm 
in diameter and 30 to 90 cm in length 
(average 55 cm). Excessively long or short 
cords are uncommon. Long cords have a 
tendency to prolapse and/or to coil around 
the fetus. Coiling of the cord around the 
fetus’s neck may make the cord relatively 
short, interfering with delivery of the baby. 

The umbilical cord usually contains two 
arteries and one vein surrounded by mucoid 
connective tissue, often called Wharton’s 
jelly (Fig. 7-16A). Because the umbilical 
vessels are longer than the cord, twisting and 
bending of the vessels is common. The ves- 
sels frequently form loops, producing so- 
called false knots that are of no significance. 
In about 1 per cent of deliveries, there are 
true knots in the cord that may cause fetal 
death (Fig. 7-15). In most cases, the knots 
form during labor as a result of the fetus 
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Figure 7-12 Photographs of full-term placentas. About one-third actua/ size. A, Maternal, or uterine, 
surface, showing cotyledons and grooves. Each convex cotyledon consists of a number of main stem villi with 
their many branches. The grooves were occupied by the placental septa when the maternal fetal portions of 
the placenta were together (see Fig. 7-6). 8, Fetal, or amniotic, surface showing the blood vessels running in 
the chorionic plate (Fig. 7-6) under the amnion and converging to form the umbilical vessels at the attachment 
of the umbilical cord. C, The amnion and smooth chorion are arranged to show that they are (1) fused and (2) 
continuous with the margins of the placenta. See Figures 7-5 and 7-6 also for visualizing the relationship 
between the amnion and the smooth chorion. D, Placenta with a marginal attachment of the cord, often 
called a battledore placenta because of its resemblance to the bat used in the medieval game of battledore 
and shuttlecock. 





Figure 7-13 Photograph of the maternal surface 
of a full-term placenta with an accessory placenta. 
The accessory placental tissue developed from 
chorionic vill that persisted a short distance from 
the piacenta. Retention of pieces of an accessory 
placenta in the uterus may prevent adequate uterine 
contraction and lead to delayed postpartum hemoar- 
rhage. About one-quarter actual size. 
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Figure 7-15 Photograph of a 20-week fetus with 
a true knot (arrow) in the umbilical cord. Half actual 
size. The diameter of the cord is greater in the 
portion closest to the fetus, indicating that there was 
an obstruction of blood flow in the umbilical arteries. 
Undoubtedly, this knot was a major cause of the 


death of the fetus. 
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Figure 7-14 Photograph of a placenta with a vela- 
mentous insertion of the umbilical cord. The cord is at- 
tached to the membranes (amnion and chorion), not to 
the placenta. The umbilical vesseis leave the cord and run 
between the amnion and smooth chorion before reaching 
the piacenta, The vessels ere more easily torn in this lo- 
cation, especiatly when they course over the lower uterine 
segment; this latter condition is known as vasa previe. If 
the vessels rupture before birth, the fetus loses blood end 
could be neer exsanguination at birth. 
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Figure 7-16 Transverse sections through full-term umbilical cords. A, Normal, 8, Abnorma!, showing only 
one artery (x3.} The umbilical cord of one in 200 fetuses has only one umbilical artery; and about 15 per cent of 
fetuses with this condition have cardiovascular malformations. (From Javert, C. T.;: Spontaneous and Habitual 
Abortion. 1957. Courtesy of The Blakiston Division, McGraw-Hill Book Co, Copyright © 1957 by McGraw- Hill, 
Inc. Used by permission of McGraw-Hill Book Company.) 


passing through a loop of the cord. Because 
the knots are usually loose, they have no 
clinical significance. If a true Knot forms 
early in pregnancy and tightens owing to 
fetal movements, the Knot may interfere with 
the fetal circulation and cause death and 
abortion of the fetus (Fig. 7-15). 

Simple looping of the cord around the 
fetus occasionally occurs (Fig. 7-18). In 
about one fifth of all deliveries, the cord is 
looped once around the neck without in- 
creased fetal risk (Page et al., 1981). 

In about 1 in 200 newborns, only one 
umbilical artery is present (Fig. 17-168), a 
condition that may be associated with fetal 
abnormalities, particularly of the cardiovas- 
cular system (Benirschke and Driscoll, 
1967). Page et al. (1981) state that absence of 
an umbilical artery is accompanied by a 15 to 
20 per cent incidence of cardiovascular mal- 
formations in the fetus. Absence of an umbil- 
ical artery results from either agenesis or 
degeneration of this vessel early in develop- 
ment. 


AMNION AND AMNIOTIC FLUID 


The amnion is a membranous sac that 
surrounds the embryo (Fig. 7-17A and B) 
and, later, the fetus (Figs. 7-17C and D and 
7-18). Formation of the amniotic cavity and 
the amnion was described in Chapter 3. 


Because the amnion is attached to the mar- 
gins of the embryonic disc (Fig. 7-17A), its 
junction with the embryo is located on the 
ventral surface after folding of the embryo 
(Fig. 7-178). As the amnion enlarges, it 
gradually obliterates the chorionic cavity and 
sheathes the umbilical cord, forming its epi- 
thelial covering (Fig. 7~17C and D). The 
epithelial cells of the amnion possess mi- 
crovilli that probably play a role in fluid 
transfer, e.g., the exchange of water and 
dissolved substances via vessels in the de- 
cidua parietalis. 

Origin of Amniotic Fluid. Initially some 
fluid may be secreted by the amniotic cells, 
but most amniotic fluid is undoubtedly 
derived from the maternal blood by transport 
across the amnion. The fetus also makes a 
contribution by excreting urine into the am- 
niotic fluid; by late pregnancy, about a half- 
liter of urine is added daily. 

Volume of Amniotic Fluid. The volume 
of amniotic fluid normally increases slowly, 
reaching about 30 ml at 10 weeks, 350 ml at 
20 weeks, and 1000 ml by 37 weeks. The 
volume then decreases sharply. Low vol- 
umes of amniotic fluid (e.g., 400 ml in the 
third trimester), a condition called oligohy- 
dramnios, is believed to result in most cases 
from placental insufficiency with diminished 
placental blood flow. In renal agenesis (ab- 
sence of kidneys), the absence of the fetal 
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Figure 7-17 Drawings illustrating how the am- 
nion becomes the outer covering of the umbilical 
cord and how the yolk sac is partially incorporated 
into the embryo as the primitive gut. Formation of the 
placenta and the degeneration of chorionic villi are 
also shown, A, three weeks. 8, four weeks. C, 10 
weeks. D, 20 weeks. 


urine contribution to the amniotic fluid 
causes oligohydramnios. 

An accumulation of amniotic fluid in ex- 
cess of 2000 ml (polyhydramnios} may occur 
when the fetus does not drink the usual 
amount of fluid. This condition is often asso- 
ciated with malformations of the central ner- 
vous system, e.g., anencephaly (see Fig. 
18-19). In other malformations, such as 
esophageal atresia (see Fig. [1-5A), amniot- 
ic- fluid accumulates because it is unable to 
pass to the stomach and the intestine for 
absorption. Multiple pregnancy (e.g., twin- 
ning) is also a predisposing cause of polyhy- 
dramnios. 

Exchange of Amniotic Fluid. Studies 
using radioactive isotopes have shown that 
water in the amniotic fluid changes every 
three hours (Gadd, 1970). Large volumes of 
fluud move in both directions between the 
fetal and maternal circulations, mainly via 
the placental membrane. Fetal swallowing of 
amniotic fluid is a normal occurrence. Most 
of the fluid passes into the gastrointestinal 
tract, but some of it also passes into the 
lungs. In either case, the fluid is absorbed 
into the fetal circulai:en and then passes into 
the maternal circulation via the placental 
membrane. In the final stages of pregnancy, 
the fetus swallows up to 400 ml of amniotic 
fluid per day. Some fluid also passes from the 
amniotic cavity into the maternal blood 
through the amniochorionic membrane (Fig. 
7-5). 

Composition of Amniotic Fluid. The 
fluid in the amniotic cavity is a solution in 
which undissolved material is suspended. It 
consists of desquamated fetal epithelial cells 
and approximately equal portions of organic 
and inorganic salts, in 98 to 99 per cent 
water. Half the organic constituents are pro- 
tein; the other half consists of carbohy- 
drates, fats, enzymes, hormones, and pig- 
ments. As pregnancy advances, the 
composition of the amniotic fluid changes.as 
fetal excreta are added. Because fetal urine 
is added to amniotic fluid, studies of fetal 
enzyme systems, amino acids, hormones, 
and other substances can be conducted on 
fluid removed by amniocentesis (see Fig. 
6—13). Studies of cells in the amniotic fluid 
permit diagnosis of the sex of the fetus and 
the detection of fetuses with chromosomal 
abnormalities (e.g., trisomy 21 resulting in 
the Down syndrome}. 

Significance of Amniotic Fluid. The 
embryo, suspended by the umbilical cord, 
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floats freely in amniotic fluid. This buoyant 
medium 

l. permits symmetrical external growth of 
the embryo; 

2. prevents adherence of the amnion to 
the embryo; 

3. cushions the embryo against injuries by 
distributing impacts the mother may receive: 

4. helps control the embryo’s body tem- 
perature by maintaining a relatively constant 
temperature; and 

5. enables the fetus to move freely, thus 
aiding musculoskeletal development. 


THE YOLK SAC 


Early development of the yolk sac 1s de- 
scribed in Chapters 3 and 5. By nine weeks, 
the yolk sac has shrunk to a pear-shaped 
remnant, about 5 mm in diameter, which is 
connected to the midgut by the narrow yolk 
stalk (Figs. 6-3A and 7-17C). By 20 weeks, 
the yolk sac is very small (see Fig. 8-17D), 
thereafter, it is usually not visible. 

Significance of the Yolk Sac. Although 
the human yolk sac is nonfunctional as far as 





yolk storage is concerned, it is essential for 
several reasons: 

1. It appears to have a role in the transfer 
of nutrients to the embryo during the second 
and third weeks while the uteroplacental 
circulation is being established. 

2. Blood development occurs in the wall 
of the yolk sac beginning in the third week 
(see Fig. 4-9) aud continues to form there 
until hemopoietic activity begins in the liver 
during the sixth week. 

3. During the fourth week, the dorsal part 
of the yolk sac is incorporated into the em- 
bryo as the primitive gut (see Fig. 5-1), 
which gives rise to the epithelium of the tra- 
chea, the bronchi, and the lungs (see Chap- 
ter 11} and’of the digestive tract (see Chapter 

12). 

4. The primordial germ cells appear in the 
wall of the yolk sac in the third week and 
subsequently migrate to the developing sex 
glands or gonads (see Fig. 13-20), where 
they become the germ cells (spermatogonia 
or oogonia). 

Fate of the Yolk Sac. At 10 weeks, the 
small yolk sac lies in the chorionic cavity 
between the amnion and the chorionic sac 





Figure 7-18 Photographs of a 12-week fetus within the amniotic sac. Actua/ size. In B, note that the 


umbilical cord is looped around the left ankle of the fetus. Coiling of the cord around parts of the fetus affects 
their development when the coils are so tight that the circulation in that part of the fetus is affected. 
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Figure 7-19 Drawings i#ustrating the development and usual fate of the allantois. A, Three weeks. B, Nine 


weeks, C, Three months. 0, Adult. 


(Fig. 7-17C). The yolk sac shrinks as preg- 
nancy advances, eventually becoming very 
small and rather solid (Fig. 7-17D}. It may 
persist throughout pregnancy and be recog- 
nizable on the fetal surface of the placenta 
beneath the amnion near the attachment of 
the umbilical cord, but this is extremely rare 
and of no significance. 

The yolk stalk usually detaches from the 
midgut loop by the end of the sixth week 
(see Fig. 12-11). In about 2 per cent of 
adults, the proximal intra-abdominal part of 
the yolk stalk persists as a diverticulum of 
the ileum known as Meckel’s diverticulum 
(see Figs. t2-17 and 12-18). 


THE ALLANTOIS 


The early development of the allantois is 
described in Chapter 4. During the second 
month, the extraembryonic portion of the 
allantois degenerates, but a remnant of it 
may be seen between the umbilical arteries 
in tbe proximal part of the umbilical cord for 
some time. 


Significance of the Allantois. Al- 


though the allantois does not function in 
human embryos, it is important for two rea- 
sons: 

1. Blood formation occurs in its wall dur- 
ing the third to fifth weeks. 

2. Its blood vessels become the umbilical 
vein and arteries (Fig. 7-19A and #). 

Fate of the Allantois. The intraem- 
bryonic portion of the allantois runs from the 
umbilicus to the urinary bladder, with which 
it is continuous (Fig. 7-198). As the bladder 
enlarges, the allantois involutes to form a 
thick tube called the wrachus (Fig. 7-19 C). 
After birth, the urachus becomes a fibrous 
cord called the median umbilical ligament, 
which extends from the apex of the urinary 
bladder to the umbilicus (Fig. 7-19D). 


MULTIPLE PREGNANCY 


Multiple births are more common nowa- 
days, owing to overstimulation of ovulation 
that occurs when human gonadotropins are 
administered to women with ovulatory fail- 
ure (Fig. 7-30). In the United States, twins 
occur once in every 90 pregnancies. Triplets 
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usually occur once in 90? pregnancies, qua- 
druplets once in 90°, and quintuplets once in 
90%. 


TWINS 


Twins may originate from two zygoes 
(Fig. 7-20), in which case they are dizygotic, 
or fraternal, or from one zygote (Fig. 7-21), 
1l.e., monozygotic, or identical. The fetal 
membranes and placenta(s} vary according 
to the derivation of the twins, and, in the 
case of monozygotic twinning, the type of 
membranes formed depends upon the time at 
which twinning occurs. If duplication of the 
inner cell mass occurs after the amniotic 
cavity forms (about 8 days}, the embryos will 
be within the same amniotic and chorionic 
sacs (Fig. 7~25A). 

As previously stated, twins occur about 
once in 90 pregnancies; about two thirds of 
these are dizygotic twins. The frequency of 
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dizygotic twinning shows marked racial dif- 
ferences, but the incidence of monozygotic 
twinning is about the same in all populations. 
In addition, the rate of monozygotic twinning 
shows little variation with the mother’s age, 
Whereas the rate of dizygotic twinning in- 
creases with maternal age. 


The tendency for dizygotic, but not monozygo- 
tic, twins to repeat in families is evidence of 
hereditary influence. Studies in a Mormon popula- 
tion showed that the genotype of the mother 
affects the frequency of dizygotic twins among 
her offspring, but the genotype of the father has 
no effect (Page et al., 1981). It has also been found 
that if the firstborn are twins, a repetition of 
twinning or some other form of multiple birth is 
about five times more likely to occur at the next 
pregnancy than it is in the general population. 

Anastomoses between blood vessels of fused 
placentas of human dizygotic twins occasionally 
occur and result in erythrocyte mosaicism. The 
members of dizygotic twins have red cells of two 
different types because red cells were exchanged 
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Figure 7-20 Diagrams illustrating how dizygotic twins develop from ‘wo zygotes. The relations of the fetal 
membranes and placentas are shown for instances in which A, the biastocysts implant separately, and 8, the 
blastocysts implant close together. In both cases there are two amnions and two chorions, and the placentas 
may be separate or fused. For convenience of illustration, the biastocysts in these drawings (and in Figures 
7-21, 7-24, and 7-25) are shown implanting in the “undic region of the uterus. As discussed in Chapter 3, 
biastocysts usually tmpiant in the midportion of the body of the uterus, slightiy more often on the posterior than 


on the anterior wall. 
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Diagrams Hlustrating how monozygotic twins develop from one zygote by division of the inner 


cell mass. This is the most common mechanism by which monozygotic (identical) twins develop, Such twins 
always have separate amnions, a single chorion, and a common placenta. 


between the two circulations. This commonly 
occurs in cattle and causes freemartinism (Moore, 
1966). Freemartins are intersexual female calves 
born as twins with male calves; they are intersex- 
ual because of male hormones that reach them 
through anastomosed placental vessels. If placen- 
tal vascular anastomoses occur in human dizygo- 
tic twins, in cases in which one fetus is a male and 
the other one a female, masculinization of the 
female fetus does not occur, but the anastomotic 
condition may give rise to chimeras, Le., persons 
with populations of blood cells of two genotypes 
that are from different zygotes. 

Dizygotic Twins (Fig. 7-20). Because 
they result from the fertilization of two ova 
by two different sperms, dizygotic twins may 
be of the same sex or of different sexes. For 
the same reason, they are no more alike 
genetically than brothers or sisters born at 
different times. Dizygotic twins always have 
two amnions and two chorions, but the 
chorions and placentas may be fused. 

Monozygotic Twins (Fig. 7-21). Be- 
cause they result from the fertilization of one 
ovum, monozygotic twins are of the same 
sex, genetically identical, and very similar in 
bétween ‘dentical twins are caused by en- 
' vironmental factors, e.g., anastomosis of 
placental vessels resulting in differences in 
blood supply from the placenta (Fig. 7-22). 

Monozygotic twinning usually begins 


physical appearance.~Physical differences- 
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around the end of the first week and results 
from division of the inner cell mass into two 
embryonic primordia. Subsequently, two 
embryos, each in its own amniotic sac, de- 
velop within one chorionic sac. The twins 
have a common placenta and often some 





Figure 7-22 Photograph of the fetal surface of a 
placenta from monozygotic twins. The separate am- 
pions are roiled at the center. There are several large 
vascular communications between the circulations 
of the placentas. A large arteriovenous shunt is 
visible at the left (arrows), and direct artery-to-artery 
anastomosis crosses the midline (under the am- 
nions) from one placental half to the other. (Courtesy 
of Dr. K. Benirschke, University of California, San 


. Diego.) 
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Figure 7-23 Monozygotic (or “identical’’} twins 
showing a wide discrepancy in size resulting from an 
uncompensated arteriovenous anastomosis of pla- 
cental vessels. Blood was shunted from the smaller 
twin to the larger twin, producing the so-called fetal 
transfusion syndrome. (Courtesy of Dr. Harry Me- 
dovy, Children's Centre, Winnipeg, Canada.) 
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placental vessels join, but usuaily these anas- 
tomoses are well-balanced so that neither 
twin suffers (Benirschke, 1972). Occasion- 
ally, however, there exists a large arterio- 
venous anastomosis that causes a circulatory 
disturbance and results in physical differ- 
ences in the twins (Figs. 7-22 and 7-23). In 
some cases, there is also a variety of congen- 
ital malformations. 

Early division of embryonic cells (2 to 3 
days) results in monozygotic twins who have 
two amnions, two chorions, and two pla- 
centas that may or may not be fused (Fig. 
7-24). In such cases, it is impossible to 
determine from the membranes alone 
whether the twins are monozygotic or dizy- 
gotic. To determine the relationship of twins 
of the same sex and with similar blood 
groups, one must wait until other charac- 
teristics develop, e.g., eye color, finger- 
prints, and so forth (Smith and Penrose, 
1955). The establishment of zygosity of twins 
has become important, particularly since the 
introduction of organ transplantation. For 
example, when a piece of skin is removed 
from one individual and grafted to another, it 
will continue to grow only if the donor and 
host are monozygotic twins. About 30 per 
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Figure 7~24 Diagrams illustrating how some monozygotic twins may develop from one zygote. Division 
may occur anywhere from the two-cell to the morula stage, producing two identical blastocysts. Each embryo 
subsequently develops its own amniotic and chorionic sacs. The Placentas may be separate or fused. 
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Figure 7-25 Diagrams illustrating how monozygotic twins may raraly develop. Division of the embryonic 
disc results In two embryos within one amniotic sac. A, Complete division gives rise to separate twins. B and C, 
incomplete division results in various typas of conjoined twins. 


cent of monozygotic twins result from early 
division of the embryonic cells (Fig. 7-24). 

Late division of embryonic cells (9 to 15 
days) results in monozygotic twins that are in 
one amniotic sac and one chorionic sac (Fig. 
7-25A). Such twins are rarely delivered alive 
because the umbilical cords are frequently so 
entangled that circulation ceases and one or 
both fetuses die. It has been estimated that 
the frequency of monoamniotic twins among 
monozygotic twins is about 4 per cent 
(Bulmer, 1970). 

Conjoined Twins. If the inner cell mass, 
or the embryonic disc, does not divide com- 
pletely, various types of conjoined twins 
may form (Figs. 7-258 and C, 7-26 and 
7-27). These are named according to the 
regions that are attached, e.g., ““thoracopa- 
gus’’ indicates that there is anterior union of 
the thoracic regions (Fig. 7-26). 1t has been 
estimated that about once in every 40 mon- 


ozygotic twin pregnancies, the twinning is 
incomplete and conjoined (‘‘Siamese’’) twins 
result. In some cases, the twins are connect- 
ed to each other by skin only or by cufaneous 
and other tissues, e.g., liver (Fig. 7-26A). 
Some conjoined twins can be successfully 
separated by surgical procedures (de Vries, 
1967). For descriptions of other possible 
types of conjoined twins, see Bergsma 
(1967). 


OTHER MULTIPLE BIRTHS 


Triplets occur once in about 8100 pregnan- 
cies and may be derived from (1) one zygote 
and be identical; (2) two zygotes and consist 
of identical twins and a single infant (Fig. 
7-28); or (3) three zygotes and be of the same 
sex or of different sexes. In the last case, the 
infants are no more similar than siblings from 
three separate pregnancies. 
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Figure 7-26 A, Photograph of newborn conjoined 
iwins showing anterior union {thoracopagus). 8, The 
twins about four years after separation. (From deVries, 
P. A.: Case history~the San Francisco twins; jn D. Bergs- 
ma fEd]: Conjoined Twins. Birth Defects /if(1):141, 
1967. © The National Foundation, New York.) 
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Figure 7-27 A, Conjoined twins showing extensive anterior fusion and an omphalocele (arrow). The lower ; 
limbs of the left fetus are fused, a condition known as sirenomelus. B, Parasitic fetus with well-developed lower 
limbs and pelvis attached to the thorax of an otherwise normal male infant. C and D, Two views of conjoined 
twins showing the so-called janiceps abnormality with two faces and fusion of the cranial and thoracic regions 


(cephalothoracopagus). Fortunately, this condition is extremely rare. 
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Figure 7-28 A, Photograph of 20-week triplets: monozygotic male twins (left) and a single female (right). B, 
Photograph of their fused placentas shows the twin placenta with two amnions (left) and the single placenta 


(upper right). 


Similar combinations occur in quadruplets 
(Fig. 7-29), quintuplets, sextuplets, and sep- 
tuplets (Fig. 7-30). 

Superfetation is the implantation of one or 
more blastocysts in a uterus that already 
contains a developing embryo. This phenom- 
enon occurs in Some mammais, but evidence 
that it occurs in humans is inconclusive. The 
condition is most unlikely because ovulation 
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diamniotic monochorionic placenta 
Figure 7-29 Photograph of the placentas from 
quadruplets. The upper two placentas (and the fe- 
tuses) were derived from two zygotes, whereas the 
lower, fused placenta was from monozygotic twins. 


(From Benirschke, K.: Obstet. Gynecol. 18:309, 
1961.) 


is normally inhibited as soon as implantation 
of one blastocyst occurs (see Chapter 2). 

Superfecundation is the fertilization of two 
or more ova around the same time by sperms 
from different males. This phenomenon is 
known to occur in some mammals (e.g., cats 
and dogs), but has not been proved in 
humans (Greenhill and Friedman, 1974); 
however, in one case that occurred a few 
years ago in Bonn, Germany, a judge ruled 
on the basis of blood group studies that the 
dizygotic twins in question had different fa- 
thers. Obviously, both inseminations oc- 
curred within a few hours. 


SUMMARY 


In addition to the embryo, the fetal mem- 
branes and most of the placenta originate 
from the zygote. The placenta consists of 
two parts: (1) afetal portion derived from the 
villous chorion, and (2) a maternal portion 
formed by the decidua basalis. The two parts 
are held together by anchoring villi and the 
cytotrophoblastic shell, and they work to- 
gether in effecting placental transfer. The 
fetal circulation is separated from the mater- 
nal circulation by a thin layer of fetal tissues 
known as the placental membrane (placental 
barrier). It is a permeable membrane that 
allows water, oxygen, other nutritive sub- 
Stances, hormones, and noxious agents to 
pass from the mother to the embryo (fetus). 
Some products of excretion pass from the 
embryo (fetus) to the mother. 

The principal activities of the placenta are 
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Figure 7-30 Photograph of septuptets, five females and two males, of about 17 weeks, Study of the fetal 
membranes indicated that they were probably derived from seven ova. (From Turksby, R. N., et al.: Obstet. 


Gynecol, 30:692, 1967.) 


(1) metabolism, (2) transfer, and (3) endo- 
crine secretion. Ail three activities are essen- 
tial to maintaining pregnancy and to promot- 
ing normal embryonic development. 

The fetal membranes and the placenta(s} in 
multiple pregnancy vary considerably, de- 
pending on the derivation of the embryos and 
the time at which division of the embryonic 
cells occurs. The common type of twins is 
dizygotic, with two amnions, two chorions, 
and two placentas that may or may not be 
fused. Monozygotic twins, the less common 
type, represent about a third of ali twins, and 
they are derived from one zygote. These 
twins commonly have two amnions, one 
chorion, and one placenta. Twins with one 
amnion, one chorion, and one placenta are 
always monozygotic, and their umbilical 
cords are often entangled. Other types of 
multiple birth (triplets and so forth} may be 
derived from one or more zygotes. 

The yolk sac and the allantois are vestigial 
structures, but their presence is essential to 
normal embryonic development. Both are 
early sites of blood formation, and the dorsal 
part of the yolk sac is incorporated into the 
embryo as the primitive gut. 

The amnion forms a sac for amniotic fluid 
and provides a covering for the umbilical 
cord. The amniotic fluid has three main 
functions; it provides (1) a protective buffer 


for the embryo or fetus, (2) room for fetal 
movements, and (3) assistance in the regula- 
tion of fetal body temperature. 


SUGGESTIONS FOR ADDITIONAL 
READING 


Boyd, J. D., and Hamilton, W. J.: The Human Pla- 
centa. Cambridge, W. Heffer and Sons, Ltd., 1970. 
An excellent reference text on the placenta, describ- 
ing early development and maturation of the placenta. 
The electron micrographs and colored illustrations are 
superb. 

Page, E. W., Villee, C. A., and Villee, D. B.: Human 

Reproduction Essentials of Reproductive and Peri- 
natal Medicine. 3rd ed. Philadelphia, W. B. Saunders 
Co., 1981. 
This book presents the essential foundations of ob- 
stetrics, gynecology, perinatal medicine, and the 
basic sciences of reproductive endocrinology, bio- 
chemistry, physiology, and genetics. 

Phillipp, E. E., Barnes, J., and Newton, M. (Eds.): 

Scientific Foundations of Obstetrics and Gynecology. 
London, Wiiliam Heinemann, Ltd., 1970. 
This book describes the basic scientific information 
on which the clinical practice of obstetrics and gyne- 
cology depends. It contains contributions from many 
authors; subjects of special interest are ““The Mem- 
branes’’ by G. Bourne; ‘‘Development of the Human 
Placenta” by W. J. Hamilton and J. D. Boyd; ‘'The 
Liquor Amnii’’ by R. L. Gadd; ‘‘The Neurohypophy- 
sis and Labour” by G. W. Theobald; ‘‘The Endocrine 
Functions of the Placenta’’ by E. C. Amoroso and D. 
G. Porter: and ‘‘Ultrasonics’’ by C. N. Smyth. 

Thompson, J. S., and Thompson, M. W.: Genetics in 
Medicine. 3rd ed. Philadelphia, W. B. Saunders Co., 
1980, pp. 214-216. 
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A very good account of hemolytic disease of the new- 
born, including the factors influencing its develop- 
ment. This text gives an excellent, concise presenta- 
tion of genetics and its application to medical 
problems. 

Villee, D. B.. The placenta; in D. B. Villee (Ed_): 


Human Endocrinology. A Developmental Approach. 
Philadelphia, W. B. Saunders Co., 1975, pp. 19-35. 
A concise review of the development, metabolism, 
and hormone production of the placenta. Emphasis is 
given to the role of the placenta as an endocrine organ 
in pregnancy. 


CLINICALLY ORIENTED PROBLEMS 


. How does a doctor calculate the estimated delivery date (EDD) of a baby? How 
could this EDD be confirmed in a high-risk obstetrical patient? 

. A pregnant woman was told that she had polyhydramnios (hydramnios) and 
asked you to explatn what the term means. What would be your answer? What 
conditions are often associated with polyhydramnios? Explain why it occurs. 
Does twinning run in families? ls maternal age a factor? How would you 
determine whether twins were monozygotic or dizygotic? 

. During the examination of an umbilical cord, you noticed that there was only 
one umbitical artery. How often does this malformation occur? What kind of 
fetal abnormalities might be associated with this condition? 


The answers to these questions are given at the back of the book. 
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CAUSES OF 
CONGENITAL 
MALFORMATIONS 


Human Teratology 


We ought not to set them aside with idle thoughts or 
idle words about ‘‘curiosities” or “chances.” Not one 
of them is without meaning; not one that might not 
become the beginning of excellent knowledge, if only 
we could answer the question — why is it rare or being 
rare, why did it in this instance happen? 


~James Paget, Lancet 2:1017, 1882. 


Congenital malformations are anatomical 
abnormalities present at birth (L. congeni- 
tus , born with}. They may be macroscopic or 
microscopic, on the surface, or within the 
body. Teratology is the study of abnormal 
development and the causes of congenital 
malformations. 

Until the early 1940's, it was generally 
accepted that human embryos were protect- 
ed from environmental agents by their fetal 
membranes and their mother’s abdominal 
walls and uterus. Gregg (1941} presented the 
first well-documented evidence that an en- 
vironmental agent (rubella virus} could pro- 
duce congenital abnormalities if present dur- 
ing the critical stages of development. 
However, it was the observations of Lenz 
(1961) and McBride (1961) that focused at- 
tention on the role of drugs in the etiology of 
human congenital malformations. It is now 
estimated that nearly 10 per cent of human 
developmental abnormalities result from the 
actions of drugs, viruses, and other environ- 
mental factors (Persaud, 1979). 

About 20 per cent of deaths in the perinatal 
period are attributed to congenital malforma- 
tions (MacVicar, 1976). Malformations are 
observed in about 2.7 per cent of newborn 
infants, and, during infancy, congenital ab- 
normalities are detected in an additional 3 
per cent (McKeown, 1976). 
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It is customary to divide the causes of 
congenital malformations into (1) genetic 
factors (chromosomal abnormalities or mu- 
tant genes) and (2) environmental factors, 
but many common congenital malformations 
are caused by a number of genetic and en- 
vironmental factors acting together. This is 
called multifactorial inheritance and is dis- 
cussed on page 161. 


MALFORMATIONS CAUSED BY 
GENETIC FACTORS 


Numerically, genetic factors are probably 
most important as the causes of congenital 
malformations (Warkany, 1981). 

Any mechanism as complex as that un- 
derlying mitosis or meiosis may occasionally 
malfunction. Carr (1970) estimated that chro- 
mosomal abnormalities are present in about 
1 of 200 newborn infants. Chromosome com- 
plements are subject to two kinds of change: 
(1) numerical, and (2) structural, and they 
may affect either the sex chromosomes or 
the autosomes. In rare cases, both kinds of 
chromosomes are affected. 

Genetic factors imitiate mechanisms of 
malformation by biochemical or other means 
at the subcellular, cellular, or tissue level. 
The mechanism initiated by the genetic fac- 
tor may be identical with or similar to the 








DOMINANT AND RECESSIVE’ 
CHARACTERS IN THE LIGHT OF 
THE HADITH fit gh ogy cs yd) Coad 


It is well known that inherited characteris- 
tics can be dominant and therefore appear in 
the offspring immediately, but may be reces- 
sive and therefore can remain dormant and 
appear in future generations. 

We shall consider two texts from The 
Hadith. The first of these is concerned with 
dominant characteristics and the other with 
recessive characteristics. 


DOMINANT CHARACTERISTICS 


aT Ue hy Uyteally Cell Late agit » 
(Dybeed! GT Gade Sl aly) y 


“O, Allah make us enjoy our 
hearing, our vision and = our 
strengths as long as you make us 
live and make that our inherttor”. 
(Al-Tirmidhi and Al-Hakim in Al-mustadrak) 


The use of the word “inheritor” rather than 
inherited is meaningful. It is obvious that the 
characteristics are inherited. In the above 
Hadith it is placed grammatically as a subject 
rather than an object. 

It is impossible for the characteristics to 
inherit us during our life time (as understood 
by some muslim scholars). The first part of the 
Hadith teaches us to request from Allah that 
we enjoy them during the whole of our life 
time. Further more, heredity by definition 
occurs between parents and offspring. 


This understanding by some Muslim 
scholars was due to the fact that “inheritor” is 
never used to describe what 1s inherited by 
children from parents in which case the word 
“inherited” is used. The deviation from this 
rule in the Hadith by using “inheritor” (Al- 
Warith) ( 2,143! ) must have a special 
meaning. 

The answer to this lies in recent discoveries 
on the role of dominant genes which exert a 
controlling influence in heredity and there- 
fore cause the recessive genetic characteris- 
tics not to appear in the offspring. 

Thus the request for inheritance of the 
characteristics mentioned in the Hadith is in 
the subject form (Al-Warith) i.e. dominant 
rather than the object t.e. passive or recessive. 


RECESSIVE CHARACTERISTICS 
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Abu-Huraira narrated: A man came to the 


Prophet Mohammad {peace be upon him), 
and said: 


* See also Joe Leigh Simpson & Abudl-Majeed A. Azzindani (1983), 8th Saudi Medical Conference Proceedings. 
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“O Allah’s prophet, A black child 
has been born for me”! The 
Prophet asked him, “Have you got 
camels?” The man said, “Yes”. 
The Prophet asked him, “What 
colour are they?” The man replied, 
“Red”. The Prophet said, “Is there 
a grey one among them?” The man 
replied, “Yes”. The Prophet said, 
“Whence comes that?” He said, 
“May be it (colour) was pulled out 
by a hidden trait”. The Prophet 
said, “May be your son’s (colour) 
was also pulled out (by a trait)” 
(Al-Bukhari; Kitab At-Talaq, Bab 
Idha Arrada Benafi Al-Walad, (by 
a trait) in the answer of the Prophet 
was included in Bukhari, Kitab al- 
Hudood) 


The first Hadith dealt with dominant 


characteristics 
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and this one deals with 


recessive genetic characteristics. It must be 
remembered that this was revealed to the 
Prophet some one thousand and four hundred 
years ago. 


Two conclusions can be drawn from this 
Hadith. First, the deduction by the Prophet of 
similarity of heredity laws in man with those in 
animals. Second, that a characteristic which 
becomes hidden (recessive) for several 
generations may appear again in the future. 
This is in complete agreement with the present 
knowledge of the laws of heredity. 


In summary this incident tells us that the 
Prophet (peace be upon him) has clarified to 
the man an aspect of heredity which was 
unknown to him. This was achieved by 
inducing the conclusion from the man’s own 
environment which was well understood by 
him. The Prophet then accepted his 
conclusions. 
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causal mechanism initiated by a teratogen 
(e.g., a drug). A teratogen is any agent that 
can produce a congenital malformation or 
raise the incidence of the malformation in 
the population. 

Persons with chromosomal abnormalities 
usually have characteristic phenotypes (e.g., 
Down syndrome) and often look more like 
other persons with the same chromosomal 
abnormality than like their own siblings 
(brothers or sisters). The characteristic ap- 
pearances result from a genetic imbalance 
that disrupts normal development. 


NUMERICAL CHROMOSOMAL 
ABNORMALITIES 


Numerical abnormalities of chromosomes 
usually arise as the result of nondisjunciion. 
This is an error in cell division in which there 
is failure of the paired chromosomes or sister 
chromatids to separate or disjoin at ana- 
phase. This error may occur during a mitotic 
division or during the first or second meiotic 
division (Fig. 8-3). 

Normally, the chromosomes exist in pairs; 
the two chromosomes making up a pair are 





calied homologues. Thus, human females 
have 22 pairs of autosomes plus two X 
chromosomes, and males have 22 pairs of 
autosomes plus one X and one Y chromo- 
some (Fig. 8-1). One of the two X chromo- 
somes in females forms a mass of X- 
chromatin, or sex chromatin (Fig. 8-98), 
which 1s not present in cells of normal males 
(Fig. 8-9A) or in females lacking a sex chro- 
mosome (Fig. 8-2). Although sex chromatin 
studies, employing conventional methods, 
are useful in diagnosing errors of sex devel- 
opment (Moore, 1966), they provide no in- 
formation about the presence or absence of 
the Y chromosome. However, Pearson et al. 
(1970) demonstrated that the Y chromosome 
can also be detected in interphase cells by 
means of quinacrine fluorescence Staining. 
Each Y chromosome in a cell forms an 
intensely fluorescent body in interphase (Fig. 
8-9D), and thus the number of Y-chromatin 
bodies observed indicates the number of Y 
chromosomes present. Sex chromatin stud- 
ies alone do not provide any information 
about autosomal abnormalities, For this in- 
formation, studies of chromosomes must be 
done. 


= 2 

Figure 8-1 A, Normal male karyotype with Giemsa banding (G banding). 8, Similar bands in a normal 
female karyotype. Caspersson et al. (1970) observed that when chromosomes are stained with guinacrine 
mustard or related compounds and examined by fluorescent microscopy, each pair of chromosomes stains ina 
distinctive pattern of bright and dim bands, called Q bands. They form the basis of the classification of 
chromosomes. (Courtesy of Dr. M. Ray, Department of Pediatrics, Division of Genetics, and Department of 
Anatomy, University of Manitoba and the Heaith Sciences Centre, Winnipeg, Canada.) 
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Figure 8-2 Females with Turner syndrome (XO sex chromosome complement). A, Newborn infant. Note the 
webbed neck and lymphedema of the hands and feet. B, 13-year-old girl showing the classic features: short 
stature, webbed neck, absence of sexual maturation, and broad, shield-like chest with widely spaced nipples. 
(From Moore, K. L.: The Sex Chromatin, Philade!phia, W. B. Saunders Co., 1966.) C, G-banding karyotype. Note 
the presence of only one X chromosome. (Courtesy of Dr. M. Ray, Department of Pediatrics, Division of 


Genetics, and Department of Anatomy, University of Manitoba and the Health Sciences Centre, Winnipeg, Can- 
ada.) 
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Changes in chromosome number represent 
either aneuploidy or polyploidy. 

Aneuploidy. Any deviation from the 
diploid number of 46 chromosomes is called 
aneuploidy. An aneuploid is an individual or 
a cell that has a chromosome number that is 
not an exact multiple of the haploid number 
of 23 (e.g., 45 or 47). The principal cause of 
aneuploidy is nondisjunction during a met- 
otic cell division. This results in an unequal 
distribution of one pair of homologous chro- 
mosomes to the daughter cells. One celi has 


FEMALE 


two chromosomes and the other has neither 
chromosome of the pair. As a result, tbe 
embryo’s cells may be /rypodiploid (usually 
45, as in Turner syndrome, Fig. 8-2) or 
hyperdiploid (asually 47, as in Down syn- 
drome, Fig. 8-4). 

Monosomy. Embryos missing a chro- 
mosome usually die; hence, monosomy of an 
autosome is extremely rare in living persons 
(Thorburn and Johnson, 1966, and Challa- 
combe and Taylor, 1969). About 97 per cent 
of embryos lacking a sex chromosome also 
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Figure 8-3 Diagram showing the first meiotic nondisjunction in a female resulting in an abnormal oocyte 
(ovum) with 24 chromosomes and how subsequent fertilization by a norma! sperm produced a zygote with 47 


chromosomes. 
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TABLE 8-1 TRISOMY OF THE AUTOSOMES 





Disorder Incidence Usual Characteristics Figures References 
Trisomy 212 or 1:806 Mental deficiency; brachycephaly, 8-4 Breg (1975) 
Down syndrome* flat nasal bridge; upward slant to Fraser and Nora (1975) 


palpebral fissures; protruding 
tongue; simian crease, clino- 
dactyly of 5th finger; congenital 
heart defects. 


Trisomy 18 1:8000 Mental deficiency; growth 8-5 
syndromet retardation; prominent occiput; 

short sternum; ventricular septal 

defect; micrognathia; low-set 

malformed ears; flexed fingers, 

hy poplastic natls; rocker-botiom feet. 


Trisomy 13 1:7006 Mental deficiency; sloping 8-6 
syndromet forehead; malformed ears, scalp 

defects; microphthalmia; 

bilateral cleft lip and/or palate; 

polydactyly; posterior 

prominence of the heels. 


Hook (1978) 

Smuth (1976) 
Vaughan et al. (1979) 
Warkany (1971) 


Breg (1975) 

Fraser and Nora (1975) 

Hook (1978) 

Smith (1976) 

Thompson and 
Thompson (1980) 


Breg (1975) 

Fraser and Nora (1975) 

Hamerton (197) 

Smith (1976) 

Thompson and 
Thompson (1980) 

Warkany (1971) 





*The importance of this disorder in the overall problem of mental! retardation is indicated by the fact that persons 
with Down syndrome represent 10 to 15 per cent of institutionalized menta! defectives (Breg, 1975). 
tinfants with this syndrome rarely survive beyond a few months. 





Figure 8-4 A, Photograph of a 3¥2-year-old girl, showing the typical facial appearance associated with 


Down syndrome. Note the flat, broad face, oblique palpebral fissures, epicanthus, speckling of the iris, and 
furrowed lower lip. B, The typical short, broad hand of this child shows the characteristic single transverse 
palmar or simian crease (arrow). (From Bartalos, M., and Baramki, T. A.: Medica/ Cytogenetics. 1967. Copyright 


© 1967, by The Williams and Wilkins Co., Baltimore. 
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die (Carr, 1970), but some survive and devel- 
op characteristics of Turner syndrome (Fig. 
8-2). The incidence of XO Turner syndrome 
in the newborn population is approximately 1 
in 10,000 (Hook and Hamerton, 1977}. The 
phenotype of the 45,X Turner syndrome is 
illustrated in Figure 8-2. The Turner sex 
chromosome abnormality is the most com- 
mon cytogenetic abnormality seen in fetuses 
that are spontaneously aborted, and it ac- 
counts for about 18 per cent of all abortions 
that are caused by chromosomal abnormall- 
ties. The error in gametogenesis (nondisjunc- 
tion), when it can be traced, is usually in the 
paternal gamete (i.e., the paternal X or Y 
chromosome is missing), and maternal age is 
not advanced (Uchida and Summitt, 1979). 

Trisomy. Ifthree chromosomes are pres- 
ent instead of the usual pair, the disorder is 
called trisomy. The usual cause of trisomy Is 
nondisjunction (Fig. 8-3), resulting in a germ 
cell with 24 instead of 23 chromosomes and, 
subsequently, in a zygote with 47 chromo- 
somes, 

Trisomy of the autosomes is associated 
primarily with three syndromes (Table 8~1). 
The most common condition is trisomy 2/ , or 
Down syndrome (Fig. 8-4), in which three 
number 21 chromosomes are present. Tri- 
somy 18 (Fig. 8-5) and trisomy 13 (Fig. 8-6) 
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are less common. Trisomy 22 is a very rare 
syndrome (Punnett et al., 1973). 

Autosomal trisomies occur with increasing 
frequency as maternal age increases , partic- 
ularly trisomy 21, which is present once in 
about 2000 births in mothers under 25, but 
once in about 100 in mothers over the age of 
40 (Carter, 1970). Partial G-banding karyo- 
types showing tnisomies for chromosome 
numbers 21, 18, and 13, are shown in Figure 
8-7. 

Trisomy of the sex chromosomes is a com- 
mon condition (Table 8&2); however, be- 
cause there are no characteristic physical 
findings in infants or children, it is rarely 
detected until adolescence. Sex chromatin 
patterns are useful in detecting some types 
of trisomy of the sex chromosomes because 
two masses of X-chromatin or sex chromatin 
are present in XXX females (Fig. 8-9C), and 
cells of XXY males (Fig. 8-8) show one mass 
of sex chromatin. The cells of XYY males 
show two fluorescing Y-chromatin bodies. 


Tetrasomy and Pentasomy. Some persons, 
usually mentally retarded, have four or five sex 
chromosomes. The following sex chromosome 
complexes have been reported: in females, 
XXXXK and XXXXX: and in males, XXXY, 
XXYY, XXXYY, and XXXXY. Usually, the 
greater the number of X chromosomes present, 





Figure 8-5 Photographs of an infant with trisomy 18 syndrome. A, Prominent occiput and malformed ears. 
B, Typical flexed fingers. C, So-called rocker-bottom feet, showing posterior prominences of the heels. 
(Courtesy of Dr. Harry Medovy, Children’s Centre, Winnipeg, Canada.) 
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Figure 8-6 Femaie infants with trisomy 13 syndrome. Note bileterai cleft lip, sloping foreheed, end 
rocker-bottom feet. (From Smith, D. W.: Am. J. Obstet. Gynceofl. 90:1055, 1964.) 


the greater the severity of the mental retardation 
and physical impairment (Neu and Gardner, 
1969). The extra sex chromosomes do not accen- 
tuate male or female characteristics. 
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Figure §-7 Partial G-banding karyotypes show- 
ing trisomies for chromosome numbers 21, 18, and 
13. (Courtesy of Or. M. Ray, Department of Pediat- 
rics, Division of Genetics, and Department of Anato- 
my, University of Manitoba and the Health Sciences 
Centre, Winnipeg, Canada.) 


Mosaicism. Persons with this condition have 
two or more cell lines with different karyotypes; 
either the autosomes or the sex chromosomes 
may be involved. Usually, the malformations are 
less serious than in persons with monosomy or 
trisomy, ¢.g., the features of Turner syndrome are 
not so evident in 45,X/46,X X mosaic females as in 
the usual 45,X females (Moore, 1966, and Neu 
and Gardner, 1975). Mosaicism usually arises by 
nondisjunction during early mitotic cleavage divi- 
sions. Mosaicism due to loss of a chromosome by 
so-called anaphase lagging is also known to 
occur. The chromosomes separate normally, but 
one chromosome is delayed in its migration and is 
eventually lost. 

Polyploidy. Polyploid cells contam mul- 
tiples of the haploid number of chromosomes 
(i.e., 69, 92, and so forth). Polyploidy is a 
Significant cause of spontaneous abortion 
(Carr, 1971, and Carr et al., 1972). 


The commonest type of polyploidy in human 
embryos 1s triploidy (69 chromosomes). This can 
result from the second polar body failing to sepa- 
rate from the oocyte (see Chapter 2) or by an 
ovum being fertilized by two sperms (dispermy) 
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TABLE 8-2 TRISOMY OF THE SEX CHROMOSOMES 








Chromosome 
Complement* Sex Incidence Usual Characteristics References 
47 XXX. Female 1:1000 Normal m appearance; usually Fraser and Nora (1975) 
fertile; may be mentally Hook (1978) 
retarded. Neu and Gardner (1975} 
Miller (1964) 
47 XXY Male 1:1000 Klinefelter syndrome: small Ferguson-Smith (1966) 
testes, hyalinization of Fraser and Nora (1975) 
seminiferous tubules; asperma- Hamerton (1971) 
togenesis; often tall with dis- Neu and Gardner (1975) 
proportionately long lower limbs. Thompson and 
Thompson (1980) 
PO eas Male 1: 1000 Normal in appearance; often Hamerton (1971) 
tall; may have difficulty with Mittwoch (1967) 
impulse control. Neu and Gardner (1975) 


Nora and Fraser (1974) 





*The number designates the total number of chromosomes, including the sex chromosomes shown after the 
comma, 


Figure 8-8 A, Adult male with XXY Klinefelter 
syndrome, Note the long lower limbs and normal 
trunk length. About 20 per cent of persons with 
Kilnefelter syndrome have gynecomastia (excessive 
development of the male mammary glands). B, Sec- 
tion of a testicular biopsy showing some seminifer- 
ous tubules without germ cells and others that are 
hyalinized. (From Ferguson-Smith, M. A.; in Moore, 
K. L. [Ed.]: The Sex Chromatin. Philadelphia, W. B. 
Saunders Co., 1966.) 





Figure 8-9 Oral epithelial nuclei stained with cresyl echt violet (A, 8, and C) and quinacrine mustard (D) 
(x 2000). A, from normal male. No sex chromatin is visible (chromatin negative). 8B, From normai female. The 
arrow indicates a typical mass of X-chromatin, or sex chromatin (chromatin positive). C, From female with XXX 
trisomy. The arrows indicate two masses of sex chromatin. D, From normal male. The arrow indicates the 
Y-chromatin as an intensely fluorescent body. (A and B are from Moore, K. L., and Barr, M. L.: Lancet 2:5/, 
1955. D, Courtesy of Dr. M. Ray, Department of Pediatrics, Division of Genetics, and Department of Anatomy, 
University of Manitoba and the Health Sciences Centre, Winnipeg, Canada.) 
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almost simultaneously (Carr, 1970}. Although 
some fetuses with triploidy have been born alive, 
they all died within a few days. 

Doubling of the diploid chromosome number to 
92, or tetraploidy, probably occurs during prepa- 
ration for the first cleavage division (see Fig. 
2-14). Normally, each chromosome replicates, 
then divides into two; consequently, when the 
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breaks 
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or 
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zygote divides, each blastomere contains 46 chro- 
mosomes. If the chromosomes divide but the 
zygote does not undergo cleavage at this stage, 
the zygote will contain 92 chromosomes. Division 
of this zygote would subsequently result in an 
embryo with cells containing 92 chromosomes. 
Tetraploid embryos abort very early, and often all 
that is recovered is an empty chorionic sac (Carr, 
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Figure 8-10 Diag rams Hfiustrating structural abnormalities of chromosomes. A, Reciprocal translocation. 8, 
Terminal deietion. C, Ring. B, Duplication. E, Paracentric inversion. F, lsochromosome. G, Robertsonian trans- 


location. 
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1971). Because this sac is derived from the zy- 
gote, chromosome analysis of chorionic cells re- 
veals the chromosome complement of the embryo 
that died and degenerated. 


STRUCTURAL ABNORMALITIES 


Most structural abnormalities result from 
chromosome breaks induced by various en- 
vironmental factors, e.g., radiation, drugs, 
and viruses (Bartalos and Baramki, 1967, 
and Saxén and Rapola, 1969). The type of 
abnormality that results depends upon what 
happens to the broken pieces (Fig. 8-10). 


Translocation. This is the transfer of a piece 
of one chromosome to a nonhomologous chromo- 
some. If two nonhomologous chromosomes ex- 
change pieces, the translocation is reciprocal 
(Fig. 8-10A and G). Translocation does not neces- 
sarily lead to abnormal development. A person 








Figure 8-11 A, Maile child with cri du chat syndrome. (From Gardner, E. J.: Principles of Genetics, 5th ed. 
New York, John Wiley & Sons, Inc., 1975.) 8, A partial karyotype of this child showing a terminal deletion from 
the short arm end of chromosome number 5. The arrow indicates the normal short arm. (Courtesy of Dr. M. Ray, 
Department of Pediatrics, Division of Genetics, and Department of Anatomy, University of Manitoba end the 
Heelth Sciences Centre, Winnipeg, Canada.} 


with a translocation — for example, between a 
number 21 chromosome and a number 14 (Fig. 
8-10G) — is phenotypically normal. Such per- 
sons are called translocation carriers. They have 
a tendency, independent of age, to produce germ 
cells with an abnormal translocation chromo- 
some. About 3 to 4 per cent of persons with Down 
syndrome are translocation tnsomies ({(Breg, 
1975). 

Deletion. When a chromosome breaks, a por- 
tion of the chromosome may be lost (Fig. 8~10B). 
A partial terminal deletion from the short arm end 
of a chromosome number 5 (Fig. 8-118) causes 
the cri du chat syndrome (Fig. 811A). Affected 
infants have a weak cat-like cry, microcephaly, 
severe mental retardation, and congenital heart 
disease (Breg, 1975). The only invariable feature 
is mental retardation. About 1 per cent of persons 
with an J.Q. below 20 have a B-group chromo- 
some deletion. For descriptions of several other 
conditions caused by deletions, see Bergsma 
(1975), and Uchida and Summitt (1979). 
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A ring chromosome is a type of deletion chro- 
mosome from which both ends have been lost and 
in which the broken ends have rejoined to form a 
ring-shaped chromosome (Fig. 8-10C). These ab- 
normal chromosomes have been described in per- 
sons with Turner syndrome, trisomy 18, and other 
abnormalities (Ray, 1968, and Uchida and Sum- 
mitt, 1979). 

Duplication. This abnormality may be repre- 
sented as a duplicated portion of a chromosome 
(1) within a chromosome (Fig. 8-10D), (Q) at- 
tached to a chromosome, cr (3) as a separate 
fragment. Duplications are more common than 
deletions, and, because there ts no loss of genetic 
material, they are less harmful (Thompson and 
Thompson, 1980). Duplication may involve part 
of a gene, whole genes, or a series of genes. 

Inversion. This is a chromosomal aberration 
in which a segment of a chromosome is reversed. 
Paracentric inversion (Fig. 8-104) is confined lo a 
single arm of the chromosome, whereas pericen- 
tric inversion involves both arms and includes the 
centromere. Pericentric inversion has been de- 
scribed in connection with Down syndrome and 
other abnormalities (Gray et al., 1962, and Allder- 
dice et al., 1975). 





Figure 8-12 A child with achondroplasia show- 
ing short extremities, relatively large head, thoracic 
kyphosis, a sharply angled upper lumbar lordosis, 
and protrusion of the abdomen. Observe that the 
child's ribs rest on the ifiac crests. (Courtesy of Or. 
Harry Medovy, Children’s Centre, Winnipeg, Can- 
ada.) 





Figure 8-13 The masculinized external genitalia 
of a female infant with female pseudohermaphrodi- 
tism caused by congenital virilizing adrenal hyper- 
plasia, The 17-ketosteroid output was elevated. The 
virilization was caused by excessive androgens pro- 
duced by the fetal adrenal glands. 


Isochromosome. This abnormality results 
from the centromere dividing transversely instead 
of longitudinally (Fig. 8-10F) and appears to be 
the commonest structural abnormality of the X 
chromosome. Patients with this chromosomal ab- 
normality often are short in stature and have other 
signs of Turner syndrome. These characteristics 
are related to the loss of a short arm of one X 
chromosome (Neu and Gardner, 1975). 


MALFORMATIONS CAUSED BY 
MUTANT GENES 


Probably 10 to 15 per cent of congenital 
malformations are caused by mutant genes 
(Gray and Skandalakis, 1973, and Vaughan 
et al., 1979). Because these malformations 
are inherited according to mendelian laws, 
predictions can be made about the probabili- 
ty of their occurrence in the affected per- 
son’s children and in other relatives. Gene 
mutations causing malformations are much 
rarer than numericai and structural chromo- 
somal abnormalities, 

Aithough a great many genes mutate, most 
mutant genes do not cause congenital malfor- 
mations. Examples of dominantly inherited 
congenital malformations are achondropla- 
sia (Fig. 8-12) and polydactyly or extra digits 
(see Chapter 17). Other malformations are 
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attributed to autosomal recessive inheri- 
tance, e.g., congenital adrenal hyperplasia 
(Fig. 8-13) and microcephaly (See Fig. 18- 
33). Autosomal recessive genes manifest 
themselves only when homozygous; as a 
consequence, many carriers of these genes 
(heterozygous persons) remain undetected. 
McKusick (1975) listed 1218 traits as dom- 
nantly inherited, 947 as recessive autosomal, 


and 171 as X-linked in humans. For details . 


about the genetic aspects of congenital mal- 
formations, see Thompson and Thompson 
(1980). 


MALFORMATIONS CAUSED BY 
ENVIRONMENTAL FACTORS 


Although the human embryo is well pro- 
tected in the uterus, certain agents, called 
teratogens, may induce congenital malfor- 
mations when the tissues and organs are 
developing. The embryonic organs are most 
sensitive to noxious agents during periods of 
rapid differentiation. Damage to the primi- 
tive streak during stage 6 of development 
(about 15 days) could cause severe congeni- 
tal malformations of the embryo, because 
this primitive structure produces intraem- 
bryonic mesoderm, the source of all types of 
connective tissue. Because biochemical dif- 
ferentiation precedes morphological dif- 
ferentiation, the period during which struc- 
tures are sensitive to interference often 
precedes the stage of their visible develop- 
ment (Fig. 8-14). 

Six mechanisms can cause congenital 
malformations: (1) too little growth, {2} too 
little resorption, (3) too much resorption, (4) 
resorption in the wrong locations, (5) normal 
growth in an abnormal position, and (6) local 
overgrowth of a tissue or structure (Patten, 
1957). 


CRITICAL PERIODS IN HUMAN 
DEVELOPMENT 


The most critical period in the develop- 
ment of an embryo or in the growth of a 
particular tissue or organ is during the time 
of most rapid cell division. The critical 
period varies in accordance with the timing 
and duration of the period of increasing cell 
numbers for the tissue or organ concerned. 

The critical period for brain growth and 
development extends into infancy. The brain 
is growing rapidly at birth and continues to 


do so throughout the first two years after 
birth. Tooth development also continues long 
after birth (see Chapter 20); hence, develop- 
ment of the permanent teeth may be affected 
by tetracyclines from 18 weeks (prenatal) to 
16 Years. 

The skeletai system has a prolonged criti- 
cal period of development, extending into 
adolescence and early adulthood. Hence, 
growth of skeletal tissues provides a very 
good gauge of general growth. 

Environmental disturbances during the 
first two weeks after fertilization may inter- 
fere with implantation of the blastocyst 
and/or cause early death and abortion of the 
embryo, but they rarely cause congenital 
malformations in human embryos. Terato- 
gens may, however, cause mitotic nondis- 
junction during cleavage, resulting in chro- 
mosomal abnormalities that subsequently 
cause congenital malformations. 

Development of the embryo is most easily 
disturbed during the organogenetic period, 
particularly from day 15 to day 60. During 
this period, teratogenic agents may be lethal, 
but they are more likely to produce major 
morphological abnormalities. Physiological 
defects, minor morphological abnormalities, 
and functional disturbances are likely to re- 
sult from disturbances durmg the fetal 
period. However, certain microorganisms 
are known to cause serious congenital mal- 
formations, particularly of the brain and 
eyes, when they infect the fetus (see Table 
8-3). 

Each organ has a critical period during 
which its development may be deranged 
(Fig. 8-14). The following examples illustrate 
the ways in which various teratogens may 
affect different organ systems that are devel- 
oping at the same time: (1) Radiation tends to 
produce abnormalities of the central nervous 
system and eye as well as mental retardation; 
(2) the rubella virus mainly causes cataracts, 
deafness, and cardiac malformations; and (3) 
thalidomide induces skeletal and many other 
malformations. 

Embryological timetables (such as Fig. 
8-14) are helpful in studying the etiology of 
human abnormalities, but it is wrong to as- 
sume that malformations always result from 
a single event occurring during the sensitive 
period, or that one can determine from these 
tables the exact day on which the malforma- 
tion was produced. All that one can reliably 
say 1s that the teratogen probably had its 
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THE CRITICAL PERIOD 


Figure No. 8-14 and the explanation in table 
5-1 (page 78) remarkably explain the events 
narrated in the following Hadith. 


GN Sad AO g3N) GES LAL je 1H} » 
apaiy Gate Sy pad 
Bi SST S58: JU Mille) ends ale 5 

« bu os slats hs pais ; ee 
( pl LS — ehnw ly) ) 


“When forty-two nights have 
passed over the conceptus, Allah 
( aw ) sends an angel to it, who 


Shapes it, makes its ears, eyes, skin, 
flesh and bones. Then he says O 
Lord! ts it male or female ? And 
your Lord decides what He wishes 
and then the angel records it”’. 
(Muslem - Kitab Al-Qadar) 


This 1s a remarkable Hadith which gives a 
wonderful description about the period of 
conception when different organs and tissues 
are taking shape on account of various 
chemicals like: inducers, organisers, 
hormones, enzymes, etc. This is about the 
same time when the Hadith says that an angel 
comes and begins to model a new being. The 
remarkable point about the Hadith is that it 
precisely records the time when these organs 
are differentiating and can be influenced by 
external factors. 
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effect before the end of the organogenetic 
period of the structure or organ concerned as 
indicated by red on the chart. 


TERATOGENS AND HUMAN 
MALFORMATIONS 


A teratogen is any agent that can induce 
or increase the incidence of a congenital 
malformation. The general objective of tera- 
togenicity testing of such chemicals as drugs, 
food additives, or pesticides is to attempt to 
identify agents that may be teratogenic dur- 
ing human development. 


To prove that a given agent is teratogenic, one 
must show either that the frequency of malforma- 
tions is increased above the “spontaneous” rate in 
pregnancies in which the mother is exposed to the 
agent (the prospective approach}, or-that malformed 
children have a history of maternal exposure to the 
agent more often than normal children (the retro- 
spective approach). Both types of data are hard to 
get in an unbiased form. Individual case reports are 
not convincing unless both the agent and type of 
malformation are so rare that their association in 
several cases can be judged not coincidental. 


~~ Fraser, 1967 


Drug Testing in Animals. Although the test- 
ing of drugs in pregnant animals is important, it 
should be emphasized that the results are of 
limited value for predicting drug effects on human 
embryos. Animal experiments can only suggest 
similar effects in humans. However, if two or 
three species respond to a specific compound, 
then, even if the malformations differ among 
species, the probability of potential human hazard 
must be considered high. 


DRUGS AND CHEMICALS AS 
TERATOGENS 


Drugs vary considerably in their terato- 
genicity. Some cause severe malformations 
(e.g., thalidomide); other commonly-used 
drugs produce mental and growth retardation 
(e.g., alcohol). Pregnant women take an av- 
erage of four drugs, excluding nutritional! 
supplements and 40 per cent of these women 
take the drugs during the critical period of 
human development (Golbus, 1980). Only 2 
to 3 per cent of congenital malformations are 
caused by drugs and chemicals. Few drugs 
have been positively implicated as teratogen- 
ic agents during human development (Table 
8-3). Their use should be avoided in preg- 
nant women and in those likely to conceive. 


Discussions of these teratogenic drugs ap- 
pear m regular print. 

Several drugs are suspected of having tera- 
togenic potential because of a few well- 
documented case reports (Wilson, 1973a). 
Sul others must be regarded as possibly 
teratogenic on the basis of scattered evi- 
dence. Discussions of these drugs appear in 
small print. 

It is best for women to avoid medication 
around the time of possible conception and 
throughout early pregnancy, unless there is a 
strong medical reason for its use and only if it 
is recognized as safe for the human em- 


bryo. 


Alkaloids. Nicotine and caffeine do not pro- 
duce congenital malformations in human em- 
bryos, but nicotine has an effect on fetal growth. 
Maternal smoking is a well-established cause of 
intrauterine growih retardation (IUGR). In heavy 
cigarette smokers (20 or more cigarettes per day), 
premature delivery is twice as frequent as in 
mothers who do not smoke, and their infants 
weight less than normal (see Fig. 6-12). Nicotine 
causes a decrease in uterine blood flow, thereby 
lowering the supply of oxygen in the intervillous 
space that 1s available to the embryo. The result- 
ing oxygen deficiency in the embryo impairs cell 
growth and may have an adverse effect on mental 
development. Page et al. (1981) believe that the 
growth deficit results from the direct foxic effects 
of smoking. Because high levels of carboxyhe- 
moglobin are present in the bloods of both the 
mother and embryo, this may alterthe capacity of 
the blood to transport oxygen. As a result, fetal 
hypoxia occurs. 

Although caffeine 1s not known to be a human 
teratogen, there is no assurance that excessive 
maternal consumption of it is safe for the embryo. 
For this reason, excessive drinking of coffee, tea, 
and colas that-contain caffeine should be avoid- 
ed. 

Alcohol. Alcoholism is the most com- 
mon drug abuse problem and affects 1 to 2 
per cent of women of childbearing age 
(Golbus, 1980). Infants born to chronic alco- 
holic mothers exhibit prenatal and postnatal 
growth deficiency, mental retardation, and 
other malformations (Fig. 8-15 and Table 
8-3). Short palpebral fissures, maxillary hy- 
poplasia, abnormal palmar creases, joint 
anomalies, and congenital heart disease are 
present m most infants (Jones et al., 1974). 
This set of symptoms is known as the fetal 
alcohol syndrome (Mulvihill and Yeager, 
1976). Even moderate maternal alcohol con- 
sumption (e.g., 2 to 3 ounces per day) may 
produce some symptoms of the syndrome 
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TABLE 8-3. TERATOGENS KNOWN TO CAUSE HUMAN MALFORMATIONS 


Teratogens 


Androgenic Agents 


Ethisterone 
Norethisterone 
‘Testosterone 


Drugs and Chemicals 
Alcohol 


Aminopterin 


Busulfan 


Phenytoin (diphenyjlhydantoin) 


Lithium carbonate 


Methotrexate 


Thalidomide 


Warfarin 


Infectious Agents 
Cytomegalovirus 


Herpes simplex virus 


Rubella virus 


Toxoplasma gondii 


Treponema pallidum 


Congenital Malformations 


Varying degrees of masculinization of female fetuses: 
ambiguous external genitalia caused by labial fusion and 
clitoral hypertrophy. 


Fetat alcohol syndrome: intrauterine growth retardation 
(EUGR), mental retardation; microcephaly; ocular 
anomalies; joint abnormalities; short palpebral fissures. 


Wide range of skeletal defects; IUGR; malformations 
of central nervous system, notably anencephaly. 


Stunted growth; skeletal abnormalities; corneal 
opacities; cleft palate; hypoplasia of various organs. 


Fetal hydantoin syndrome: 1UGR; microcephaly; 
mental retardation; ridged metopic suture; inner 
eptcanthal folds; eyelid ptosis; broad depressed nasal 
bridge; phalangeal hypoplasia. 


Various malformations, usually involving the heart 
and great vessels. 


Multiple malformations, especially skeletal, involving 
the face, skull, limbs, and vertebral column. 


Amelia, meromelia, and other limb deformities; external 
ear, cardiac, and gastrointestinal malformations. 


Nasai hypoplasia; chondroplasia punctata; mental 
retardation, optic atrophy; microcephaly. 
Microcephaly; hydrocephaly; microphthalmia; 
microgyria; mental retardation; cerebral calcifications. 


Microcephaly; microphthalmia; retinal dysplasia. 


Cataracts; glaucoma; chorioretinitis; deafness; microph- 
thailmia; congenital heart defects. 


Microcephaly; microphthalmia; hydrocephaly; 
chorioretinitis; cerebral calcifications. 


Hydrocephalus; congenital deafness; mental retardation. 


High level Radiation 


Microcephaly; mental retardation; skeletal malformations. 





(Streissguth et al., 1977), especially if the 
drinking is associated with malnutrition. 
“Binge drinking’ (heavy consumption of 
alcohol for 1 to 3 days) during early pregnan- 
cy 1s very likely to harm the embryo. 
Androgenic Agents. Any hormone that 
possesses masculinizing activities may also 


affect the embryo or fetus, producing mas- 
culinization of female fetuses (Fig. 8-16). 
The incidence varies with the drug and the 
dosage. The preparations most frequently 
involved were the progestins ethisterone 
and norethisterone (Venning, 1965). Proges- 
tin exposure during the critical period of 
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Figure 8-15 Photographs showing the facial appearance of an infant with the feta/ aicoho/ syndrome. Tne 
characteristic triad of abnormalities include growth deficiency, mental retardation, and abnormal facial fea- 
tures, A, At birth. B, At one year. {A is from Jones, K. L., and Smith, D. W.; Lancet 2:999, 1973; B is from Jones, 
K. L., et al.: Lancet 1:1267, 1973.} 


development is also associated with an in- 
creased prevalence of cardiovascular abnor- 
malities (Heinonen et al., 1977). The admin- 
istration of testosterone may produce similar 
masculinizing effects on female fetuses. 


Oral contraceptives, containing progestin and 
estrogen, taken during the early stages of an 
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Figure 8-16 The external genitalia of a newborn female intani showing ! 


B 


unrecognized pregnancy, are strongly suspected 
of being teratogenic agents (Nora and Nora, 
1975). The infants of 13 of 19 mothers who had 
taken progestogen-estrogen pills during the criti- 
cal period of development exhibited the VAC- 
TERAL syndrome (in the acronym vacterai, the 
letters stand for vertebral, anal, cardiac, trachoe- 
sophageal, renal, and /imb maiformations). 





: . 
ante aes 


abial fusion and enlargement of 


the clitoris caused by an androgenic agent given to the infant's mother during the first trimester. The 17-keto- 
Steroid output was normal. (From Jones, H. W., and Scott, W. W.: Hermaphroditism, Genital Anomalies and 
Related Endocrine Disorders. 1958. Copyright © 1958 by The William & Wilkins Co., Baltimore.) 
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There is not sufficient evidence to indicate that 
diethylstilbestrol (DES) taken during pregnancy is 
teratogenic, but it may produce tumors in female 
offspring. A number of young women aged 16 to 
22 years have developed adenocarcinoma of the 
vagina after a common history of exposure to the 
synthetic estrogen in utero (Herbst et al., 1974, 
and Hart et al., 1976}. However, the probability 
of cancer’s developing at this early age in females 
exposed to DES in utero now appears to be low 
(Golbus, 198Q). 

Antibiotics. Tetracyclines pass the pla- 
cental membrane and are deposited in the 
embryo’s bones and teeth at sites of active 
calcification (Seeman et al., 1980). Hence, 
tetracycline therapy during the second and 
third trimesters of pregnancy may cause 
tooth defects (e.g., hypoplasia of enamel), 
yellow to brown discoloration of the teeth, 
and diminished growth of long bones 
(Rendle-Short, 1962, and Witkop et al., 
1965). Therefore, if possible, tetracyclines 
should not be administered to pregnant 
women or to prepubertal children. 

Deafness has been reported in infants of 
mothers who have been treated with high 
doses of streptomycin and dihydrostrepto- 
mycin as antituberculosis agents (Golbus, 
1980). More than 30 cases of hearing deficit 
and VIII nerve damage have been reported 
in infants exposed to streptomycin deriva- 
tives in utero (Rasmussen, 1969, and Gan- 
guin and Rempt, 1970). 

Penicillin has been used extensively during 
pregnancy and appears to be harmless to the 
human embryo (Golbus, 1980). 

Anticoagulants. AH anticoagulants ex- 
cept heparin cross the placental membrane 
{see Fig. 7-8} and may cause hemorrhage in 
the fetus. Warfarin is now considered to be a 
teratogen. Warfarin derivatives are vitamin 
K antagonists and therefore are anticoagu- 
lants. There are several reports of infants 
born with hypoplasia of the nasal bones and 
other abnormalities whose mothers took this 
anticoagulant during the cnitical period of 
their embryo’s development (Holzgreve et 
al., 1976). Second- and third-trimester expo- 
sure may result in mental retardation, optic 
atrophy, and microcephaly (Golbus, 1980). 

As heparin does not cross the placental 
membrane, it is not a teratogen and does not 
affect the embryo or fetus. _ 

Anticonvulsants. There is strong sug- 
gestive evidence that trimethadione (Tri 
dione) and paramethadione (Paradione) may 
cause fetal facial dysmorphta, cardiac de- 


fects, cleft palate, and intrauterine growth 
retardation VUGR) when given to pregnant 
women (German et al., 1970). Loughnan et 
al. (1973) reported seven cases of hypoplasia 
of the terminal phalanges in infants of epilep- 
tics. All mothers had taken phenytoin and a 
barbiturate. 

Phenytoin (diphenylhydantoin) is definite- 
ly ateratogen. A fetal hydantoin syndrome is 
now recognized (Hanson et al., 1976, and 
Golbus, 1980), consisting of the following 
abnormalities: 1UGR, microcephaly, mental 
retardation, a ndged metopic suture, inner 
epicanthal folds, eyelid ptosis, a broad de- 
pressed nasal bridge, nail and/or distal pha- 
langeal hypoplasia, and hernias. Phenobarbi- 
tal appears to be a safe antiepileptic drug for 
use during pregnancy (Golbus, 1980}. 

Antineoplastic Agents. Tumor inhibit- 
ing chemicals are highly teratogenic. This is 
not surprising, because these agents inhibit 
rapidly dividing cells, Treatment with folic 
acid antagonists during the embryonic 
penod often results in intrauterine death of 
the embryos, but the 20 to 30 per cent of 
those that survive are malformed (Wilson, 
1973b). Busulfan and 6-mercaptopurine ad- 
ministered in alternating courses throughout 
pregnancy have produced multiple severe 
abnormalities, but neither drug alone ap- 
pears to cause major maiformations (Sokal 
and Lessman, 1960). Aminopterin is a potent 
teratogen that can produce major congenital 
malformations (Fig. 8-17), especially of the 
central nervous system (Thiersch, 1952, and 
Warkany et al., 1960). Aminopterin, an an- 
timetabolite, is an antagonist of folic acid. 
Milunsky et al. (1968) described multiple 
skeletal and other congenital malformations 
in an infant born to a mother who attempted 
to terminate her pregnancy by taking metho- 
trexate, a derivative of aminopterin. 


Corticosteroids. Cortisone causes cleft pal- 
ate and cardiac defects in susceptible strains of 
mice and rabbits (Fraser, 1967). The scanty data 
concerning humans suggest that cortisone may be 
a weak teratogen (Karnofsky, 1965, and Fraser, 
1967); however, there is no conclusive evidence 
that cortisone induces cleft palate or any other 
malformation in human embryos. 

Environmental Chemicals. In _ recent 
years, there has been increasing concern 
over the possible teratogenicity of environ- 
mental chemicals, including industrial pollut- 
ants and food additives. At present, none of 
these chemicals has been positively implicat- 
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Figure 8-17 Aminopterin-induced congenital malformations. A, Grossly malformed embryo and its mem- 


branes. (Courtesy of Dr. J. B, Thiersch, Seattle, Washington.) 8, Newborn infant with anencephaly or partial 
absence of the brain (From Thiersch, J. B.: in Wolstenholme, G. E. W., and O'Connor, C. M. [Eds.}: Ciba 
Foundation Symposium on Congenital Malformations. London, J. & A. Churchill, Ltd., 1960, pp. 152-154.) C, 
Newborn infant showing marked intrauterine growth retardation (2380 gm), a Sarge head, a small mandible, 
deformed ears, club-hands, and clubfeet. (From Warkany, J.. Beaudry, P. H., and Hornstein, S.: Am. J. Dis. 


Child, 97:274, 1960.) 


ed as teratogenic in humans. However, in- 
fants of mothers whose main diet during 
pregnancy consisted of fish containing ab- 
normally high levels of organic mercury ac- 
quire fetal Minamata disease and exhibit 
neurological and behavioral disturbances 
resembling cerebral palsy (Matsumoto et al., 
1965, Bakir et al., 1973). In some cases, 
severe brain damage, mental retardation, and 
blindness are present (Amin-Zaki et al., 
1974), Similar observations have been made 
in infants of mothers who ate pork that be- 
came contaminated when the pigs ate corn 
grown from seeds that had been sprayed 
with a mercury-containing fungicide (Snyder, 
1971). Major morphological defects are 
seldom detected in infants whose mothers 
ingested methyl mercury (Persaud, 1979). 


Insulin and Hypoglycemic Drugs. Insulin is 
not teratogenic in human embryos, except possi- 
bly in maternal insulin coma therapy (Wickes, 
1954). Hypoglycemic drugs (e.g., tolbutamide) 
have been implicated, but evidence for their tera- 
togenicity is very weak. Consequently, in spite of 
their marked teratogenicity in rodents, there is no 


convincing evidence that oral hypoglycemic 
agents (particularly sulfonylureas) are teratogenic 
in human embryos. The incidence of congenital 
malformations (e.g., sacral agenesis) is somewhat 
increased in the offspring of diabetic mothers, but 
it is not clear whether it is the diabetes itself or the 
inadequate management of the condition that 
causes the malformations (Thompson and Thomp- 
son, 1980). 

Lysergic Acid Diethylamide (LSD). This so- 
cially used drug may be teratogenic. Long (1972) 
reviewed the Literature on 161 infants born to 
women who ingested LSD before conception 
and/or during the pregnancy. Five infants had 
limb deficiency anomalies similar to those previ- 
ously reported by Zellweger et al. (1967). Jacob- 
son and Berlin (1972) also reported limb defects 
and noted a 9.6 per cent incidence of nervous 
system defects. These observations suggest that 
LSD may be teratogenic and that ingestion of it 
should be avoided during pregnancy (Golbus, 
1980). 

Marijuana. There is no evidence that this 
drug is teratogenic in humans, but there is no 
assurance that heavy usage of it does not affect 
the embryo in some way. 

Phencyclidine (PCP, “angel dust’). Golden 
et al. (1980) reported a case of an infant with 
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several malformations and behavioral abnormali- 
ties whose mother used PCP throughout her preg- 
nancy. This suggests, but does not prove, a causal 
association. 

Salicylates. There is some eviderice that as- 
pirin, the most commonly ingested drug during 
pregnancy, is potentially harmful to the embryo or 
fetus when administered to the mother in large 
doses (Corby, 1978). 

Thyroid Drugs. Potassium iodide in 
cough mixtures and large doses of radioac- 
tive iodine may cause congenital goiter 
(Fraser, 1967). Iodides readily cross the pla- 
cental membrane and interfere with thyroid 
production, and they may cause thyroid en- 
largement and cretinism (arrested physical 
and mental development and dystrophy of 
bones and soft parts). 

Pregnant women are advised to avoid 
using douches or creams containing 
povidone-iodine because it is absorbed by 
the vagina (Vorherr et al., 1980). Propylthi- 
ouracil interferes with thyroxin formation in 
the fetus and may cause goiter. Warkany 
(1954) reported that maternal iodine deficien- 
cy may cause congenital cretinism. 

Tranquilizers. A mass of evidence has 
shown that thalidomide is a potent teratogen. 
This potent hypnotic agent was once widely 
used in Europe as a tranquilizer and a seda- 
tive. Lenz (1966) estimated that 7000 infants 
were malformed by thalidomide. The charac- 
teristic feature of the thalidomide syndrome 
is meromelia (e.g., phocomelia or seal-like 
limbs, Fig. 8-18), but malformations range 
from amelia (absence of limbs) through inter- 
mediate stages of development (rudimentary 
limbs) to micromelia (abnormally small 
and/or short limbs). Thalidomide may also 
cause absence of the external and internal 
ears, hemangioma on the forehead, heart 
defects, and malformations of the urinary 
and alimentary systems (Persaud, 1979). 
Thalidomide was withdrawn from the market 
in November 1961. 

Lithium carbonate has been used widely 
for patients with manic-depressive psychosis 
(Golbus, 1980) and has caused congenital 
malformations, mainly of the heart and great 
vessels, in infants born to mothers given the 
drug early in pregnancy. 

There appears to be a relationship between 
the use of diazepam during the first trimester 
of pregnancy and cleft lip with or without 
cleft palate (Golbus, 1980). Discretion sug- 
gests that this drug should be avoided in 
early pregnancy if possible. 








Figure 8-18 Newborn male infant showing typi- 
cally malformed limbs (meromelie) caused by theli- 
domide ingested by the mother during early preg- 
nancy. (From Moore, K. L.: Manit. Med. Rev. 43:306, 
1963.) 


INFECTIOUS AGENTS AS 
TERATOGENS 


Throughout prenatal life, the embryo and 
fetus are endangered by a variety of microor- 
ganisms. In most cases, the assault is resist- 
ed; in some cases, an abortion or stillbirth 
occurs; and in others, the infants are born 
with congenital malformations or disease. 
The microorganisms cross the placental 
membrane (see Fig. 7-8) and enter the fetal 
blood stream. The fetal blood-brain barrier 
also appears to offer little resistance to mi- 
croorganisms because there is a propensity 
for the central nervous system to be affect- 
ed. 

Three viruses are known to be teratogenic 
in humans: rubella virus, cytomegalovirus, 
and herpes simplex virus. 

Rubella Virus (German Measles). This 








GROSS CONGENITAL 


DEFORMITIES 


We do not see many deformed babies in real 
life. The majority of grossly malformed 
embryos and fetuses never come to term. 
Even if they are born and survive they can not 
reproduce, It is stated in the Hadith: 


(pl) GS — ele tly) ) 


“Allah ( wt ) never gives 
offspring to a monster nor does He 
give him grandchildren”. 

(Sahih Muslim: Kitab Al-Qadar) 


The genetic sex established at fertilization 
does not always result in clearcut male or 
female appearance of the external genitalta. 
Errors in sex development occur about once in 
every 1000 fetuses which result in various 
degrees of intermediate sex, a condition 
known as inter-sexuality. These sexually 
abnormal individuals cannot reproduce 
because their reproductive organs have not 
developed normally and as a result they are 
non-functional. (Moore & Azzindani, 1983). 

The word “monster” in the translation is 
used to indicate the condition in which the 
child is grossly malformed due to congenital 
abnormalities. Gross malformations usually 
affect the central nervous system and the 
endocrine system both of which are essential 
for normal reproduction. 

It can also be concluded from the Hadith 
that this general statement applies to animals 
as well as man, because it was made on an 
occasion when an animal was mentioned. 

Congenital deformities can also result from 


* See also Keith L. Moore & Abdul-Majeed A. Azzindani; and T.V.N. Persaud & Abdul-Majeed A. 


8th Saudi Medical Conference Proceedings. 


infective agents: sexual promiscuity has long 
been associated with syphilis and gonorrhea. 
Because of sexual permissiveness, there is an 
alarming increase of relatively new and more 
severe venereal infections for which there is no 
cure at the present time. These include genital 
herpes and Acquired Immune deficiency 


Syndrome (AIDS) which are gradually 


reaching epidemic proportions. It is 
appropriate to quote the Hadith on this topic: 


YY) Cg dad 2 bi oo gee bs Sy 
Scat 1S J See My Osi 4b Gd 
co. pat Gull agit 
C Amdly shyly dete of oly) ) 
“Whenever sexual permissiveness 
spreads among the people until it 
becomes declared, infections and 
killing disease as well as illnesses 
not previously found in their 
ancestors will also spread among 
them”. 
(Related by Ibn Majah, Al-Bazzar and 
Al-Baihagi) 


Also, sexual promiscuity may lead to 
cervical dysplasia, with the risk of malignancy. 
The development of these pathological 
changes is related to the frequency of sexual 
intercourse and the number of partners. 
Fourteen hundred years ago, Allah in His 
infinite wisdom and mercy had already 
admonished us of the consequences and 
dangers of promiscuous sexual relationships. 


Azzindani (1983), 
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Figure 8-19 Congenital malformations of the eye caused by the rubelia virus. A, Cataracts. (From Cooper, 
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L. Z., et al: Am. J. Dis. Child, 110:416, 1965. Courtesy of Dr. Richard Baragry, Department of Ophthalmology, 
Cornell-New York Hospital.) 8, Glaucoma. (From Cooper, L. A., et al: Am J, Dis. Child. 170:416, 1965. Courtesy 
of Dr. Daniel 1. Weiss, Department of Ophthalmology, New York University Schoo! of Medicine.) 


virus is the prime example of an infective 
teratogen. About 15 to 20 per cent of infants 
born to women who have had German 
measles during the first trimester of pregnan- 
cy are congenitally malformed (Sever, 1970). 
The usual triad of malformations is cataract 
(Fig. 8-194), cardiac malformation, and 
deafness (Dudgeon, 1976), but the following 
abnormalities are occasionally observed: 
chorioretinitis, glaucoma (Fig. 8-198), mi- 
crocephaly, microphthalmia, and tooth de- 
fects (Cooper, 1975). 

The earlier in pregnancy the maternal ru- 
belia infection occurs, the greater the danger 
of the embryo being malformed. Most in- 
fants have congenital malformations if the 
disease occurs during the first four to five 
weeks after fertilization; this is understand- 
able, because this period of development 
includes the most susceptible organogenetic 
periods of the eye, the ear, the heart, and the 
brain (Fig. 8-14). The risk of malformations 
due to infections during the second and third 
trimesters is low, but functional defects of 
the central nervous system and the ear may 
result if infection occurs as late as the 
twenty-fifth week (Sever, 1970}. 


Although there is no conclusive information 
about the teratogenic potential of live attenuated 
rubella virus , Larson et al. (1971) state that vacci- 
nation with live attenuated virus during early 
pregnancy is contraindicated. They further be- 
lieve that women and adolescent girls should be 
immunized with live attenuated virus only when 
pregnancy is not planned during the following two 
months. 

Cytomegalovirus. Infection with cyto- 
megalovirus (CMY) is probably the most 


common viral infection of the human fetus 
(Dudgeon, 1976). Because the disease seems 
to be fatal when it affects the embryo or 
young fetus, it is believed that most pregnan- 
cles end in abortion when the infection 
occurs during the first trimester. Later, in- 
fection may result in intrauterine growth 
retardation, microphthalmia, chorioretinitis, 
blindness, microcephaly, cerebral calcifica- 
tion, mental retardation, deafness, cerebral 
palsy, and hepatosplenomegaly (Persaud, 
1979). 

Herpes Simplex Virus. Infection of the 
fetus with this virus usually occurs late in 
pregnancy, probably most often during deliv- 
ery. The congenital abnormalities that have 
been observed in fetuses infected several 
weeks before birth are microcephaly, mi- 
crophthalmia, retinal dysplasia, and mental 
retardation (South et al., 1969, and Dudgeon, 
1976). 

Two other microorganisms are known to 
be teratogens in humans, Toxoplasma gondii 
and Treponema pallidum. 

Toxoplasma Gondii. This protozoan is 
an intracellular parasite. Infection can be 
contracted from eating raw or poorly cooked 
meat (usually pork or mutton), by close 
contact with infected animals (usually cats), 
or from the soil. It is thought that the soil 
becomes contaminated with infected cat 
feces carrying the oocyst (Dudgeon, 1976). 
This organism probably crosses the placental 
membrane and infects the fetus, causing de- 
structive changes in the brain and eye that 
result in microcephaly, microphthalmia, and 
hydrocephaly (White and Sever, 1967). The 
mothers of congenitally affected infants are 
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usually unaware of having had toxoplasmo- 
sis, the disease caused by Toxoplasma gon- 
dii, during pregnancy. Because animals 
(cats, dogs, rabbits, and wild animals) may 
may be infected with this parasite, pregnant 
women should avoid them. 

Syphilis. Treponema pallidum, the small 
spiral-shaped microorganism that causes 
syphilis, rapidly penetrates the placental 
membrane after the twentieth week of gesta- 
tion, when the cytotrophoblast disappears 
(see Chapter 7). Untreated primary maternal 
infections (acquired during pregnancy) near- 
ly always cause serious fetal infection, but 
adequate treatment of the mother before the 
sixteenth week kills the organism, thereby 
preventing it from crossing the placental 
membrane {see Fig. 7-8) and infecting the 
fetus (Holmes, 1977). Secondary maternal 
infections (acquired before pregnancy) sel- 
dom result in fetal disease and malforma- 
tions. If the mother is untreated, stillbirths 
result in one fourth of cases (Vaughan et al., 
1979}. The tissues most often extensively 
involved in the dead fetuses are bone, bone 
marrow, lungs, liver, and spleen, but any 
organ system may be involved. 

It was once believed that syphilis was a 
major cause of congenital malformations. 
While this is not true, owing to the onset of 
the infection after the twentieth week in most 
cases, it is well established that Treponema 
pallidum may produce congenital deafness, 
hydrocephalus, and mental retardation (In- 
gall and Norins, 1976, and Persaud, 1979), 
Late manifestations of untreated congenital 
syphilis are destructive lesions of the palate 
and nasal septum, dental abnormalities (cen- 
trally notched, widely spaced, peg-shaped 
upper central incisors called Hutchinson’s 
teeth), and abnormal facies (frontal bossing, 
saddlenose, and poorly developed maxilla). 

Treponema pallidum is therefore a tera- 
togen that may produce congenital develop- 
mental abnormalities, and it may continue to 
produce developmental defects during post- 
natal development if the infant’s infection is 
not treated. 


RADIATION AS A TERATOGEN 


Exposure to radiation may injure embry- 
onic cells, resulting in cell death, chromo- 
some injury, and retardation of growth. The 
severity of embryonic damage is related to 
the absorbed dose, the dose rate, and the 


stage of embryonic or fetal development 
during which the exposure occurs (Rennert, 
1975, and Brent and Harris, 1976). 

In the past, large amounts of ionizing 
radiation (hundreds to several thousand 
rads) were given inadvertently to embryos 
and fetuses of pregnant women who had 
cancer of the cervix of the uterus. In all 
cases, their embryos were severely mal- 
formed or killed (Bartalos and Baramki, 
1967, Saxén and Rapola, 1969, and Persaud, 
1979). Microcephaly, spina bifida cystica 
(see Fig. 18-15), cleft palate, skeletal and 
visceral abnormalities, and mental retarda- 
tion were observed in the infants who sur- 
vived. Development of the central nervous 
system was nearly always affected. An in- 
crease of 10 to 15 per cent in congenital 
malformations was also reported in infants of 
pregnant women who lived just outside the 
lethal range of radiation of the atomic bombs 
exploded in Japan in 1945 (Fraser, 1967, and 
Makino, 1975). lt is evident therefore that 
large amounts of ionizing radiation produce 
congenital malformations. It is generally ac- 
cepted that large doses of radiation (over 
25,000 millirads) are harmful to the develop- 
ing central nervous system. For this reason, 
therapeutic abortion may be recommended 
when radiation exposure to the embryo or 
young fetus exceeds 25,000 millirads. 

There is no proof that human congenital 
malformations have been caused by diag- 
nostic levels of radiation (Oppenheim et al., 
1975, and Holmes, 1979). Scattered radiation 
from an X-ray examination of a part of the 
body that is not near the uterus (e.g., chest, 
sinuses, teeth) produces only a dose of a few 
millirads, which is not teratogenic to the 
embryo. For example, a single frontal radio- 
graph of the chest of a pregnant woman in 
the first trimester results in a whole body 
dose to her embryo or fetus of approximately 
1 millirad. 

It is prudent to be cautious during diag- 
nostic examinations of the pelvic region in 
pregnant women (x-ray examinations and 
medical diagnostic tests using radioisotopes) 
because they result in exposure of the em- 
bryo to 0.3 to 2 rads. Doses below i0 rads 
have not been shown to cause congenital 
malformations or intrauterine growth retar- 
dation, especially when the pelvic or abdom- 
inal x-ray examinations are undertaken after 
the twentieth week of pregnancy, but it is 
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best to err on the side of caution. The recom- 
mended limit of maternal exposure of the 
whole body ta radiation from all sources is 
SOO millirads for the entire gestational 
period (Hoimes, 1979). 


MECHANICAL FACTORS AS 
TERATOGENS 


The significance of mechanical influences 
in the uterus on congenital postural deformi- 
ties is still an open question (McKeown, 
1976). The amniotic fluid absorbs mechanical 
pressures, thereby protecting the embryo 
from most external trauma. Consequently, it 
is generally accepted that congenital abnor- 
malities caused by external injury to the 
mother are extremely rare but possible (Hin- 
den, 1965, and Warkany, 1971). Dislocation 
of the hip and clubfoot may rarely be caused 
by mechanical forces, particularly in a mal- 
formed uterus (Browne, 1960), but genetic 
factors appear to be involved in most of 
these abnormalities. 

A reduced quantity of amniotic fluid (oli- 
gohydramnios) may result in mechanicaliy 
induced abnormalities of the fetal limbs 
(Dunn, 1976), e.g., congenital genu recurva- 
tum or hyperextension of the knee. Intrau- 
terineé amputations or other malformations 
caused by local constriction during fetal 
growth may result from amniotic bands or 
fibrous rings, presumably formed as a result 
of rupture of the fetal membranes (amnion 
and smooth chorion) during early pregnancy 
(Vaughan et al., 1979). 






Figure 8-20 Quasicontinuocus varia- 
tion. Liability to a given trait is normally 
distributed, but the population Is divided 
by a threshold into normal and abnormal 
classes. (From Thompson, J. S., and 
Thompson, M. W.: Genetics in Medicine. 
3rd ed. Philadelphia, W. B. Saunders Co., 
1980.) 


No. of Individuals 


MALFORMATIONS CAUSED BY 
MULTIFACTORIAL INHERITANCE 


Most common congenital malformations 
have familial distributions consistent with 
multifactorial inheritance. Multifactorial in- 
heritance may be represented by a model in 
which ‘‘liability’’ to a disorder is a continu- 
ous variable, determined by a combination of 
genetic and environmental factors, with a 
developmental “‘threshold’’ dividing individ- 
uals with the malformation from those with- 
out it (Fig. 8-20). Multifactorial traits are 
usually single major malformations such as 
cleft lip with or without cleft palate, isolated 
cleft palate, neural tube defects (anencepha- 
ly and spina bifida cystica), pyloric stenosis, 
and congenital dislocation of the hip. Some 
of these malformations may also occur as 
part of the phenotype in syndromes deter- 
mined by single-gene inheritance, chromo- 
somal abnormality or an environmental tera- 
togen, or their etiology may be unknown. 

The recurrence risks used for genetic 
counseling of families having congenital mal- 
formations determined by muitifactorial in- 
heritance are empirical risks based on the 
frequency of the malformation in the general 
population and in different categories of rela- 
tives. In individual families, such estimates 
may be inaccurate because they are usually 
averages for the population rather than pre- 
cise probabilities for the individual family. 
For further discussion of multifactorial in- 
heritance, see Chapter 12 in Thompson and 
Thompson's Genetics in Medicine (1980). 


Threshold 


' 


Liability ———»» 
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SUMMARY 


A congenital malformation is an anatomi- 
cal abnormality present at birth. Yt may be 
the result of either genetic factors or some 
environmental insult that occurred during 
prenatal development, but most common 
congenital malformations have been shown 
to fit the family patterns expected of muti- 
tifactorial inheritance with a threshold and 
are determined by a combination of genetic 
and environmental factors. Developmental 
abnormalities may be macroscopic or micro- 
scopic, on the surface or within the body. 

Some congenital malformations are caused 
by genetic factors (chromosomal abnormali- 
ties and mutant genes). A few congenital 
abnormalities are caused by environmental 
factors (infectious agents and teratogenic 
drugs), but most common malformations 
probably result from a complex interaction 
between genetic and environmental factors 
with arrest of a developmental process. 
Subsequent developmental stages therefore 
cannot occur, and a malformation results. 

During the first two weeks of develop- 
ment, teratogenic agents usually kill the em- 
bryo rather than cause congenital malforma- 
tions. During the organogenetic period, 
particularly from day 15 to day 60, teratogen- 
ic agents May cause major congenital mal- 
formations. During the fetal period, tera- 
togens may produce morphological and 
functional abnormalities, particularly of the 
brain and the eyes. However, it must be 


stressed that some teratogenic agents (e:g., 
drugs and infections) may adversely affect 
the fetus without producing congenital mal- 
formations. 


SUGGESTIONS FOR ADDITIONAL 
READING 


Berry, C. L.: Human malformations. Br. Med. J. 3:1- 
94, 1976. A special issue of the British Medical 
Bulletin devoted exciusively to problems of congeni- 
tal malformations in man. Of special interest are the 
three papers concerned with etiological factors that 
may lead to birth defects. The legal rights of the 
malformed infant are also discussed. 

Persaud, T. V. N.: Prenatal Pathology: Fetal Medicine. 
Springfield, Illinois, Charles C Thomas, 1979, A book 
covering the major aspects of teratology and provid- 
ing the essential information on epidemiology, causes, 
mechanisms, and prenatal detection of birth defects. 

Thompson, J. §., and Thompson, M. W.: Genetics in 
Medicine. 3rd ed. Philadelphia, W. B. Saunders Co., 
1980. This book has been written primarily to in- 
troduce medical students to the principles and lan- 
guage of human genetics and to indicate some of its 
clinica! applications. There is a comprehensive ac- 
count of the genetic causes of congenital malforma- 
tions. 

Warkany, J.: Congenital Malformations: Notes and 
Comments. Chicago, Year Book Medical Publishers, 
in., 1971. An excellent reference text on human mal- 
formations. Contains data on congenital malforma- 
tions gathered over a 35-year-period by an outstand- 
ing professor of research pediatrics. It would be very 
difficult to find a congenital malformation that is not 
well covered in this book consisting of 1309 pages. 

Warkany, J.: Prevention of congenital malformations. 
Teratology 23:175-189, 1981. A world authority on 
this subject, Dr. Warkany discusses the causes of 
congenital malformations and suggests ways of elimi- 
nating them as a source of mortality and morbidity. 


CLINICALLY ORIENTED PROBLEMS 


. Women take an average of four drugs, excluding nutritional supplements, 
during the first trimester of pregnancy. What percentage of congenital mal- 
formations are caused by drugs and chemicals? Why may it be difficult for 
doctors to attribute specific congenital malformations to specific drugs? 

. Do women over the age of 35 have an increased risk of bearing abnormal 
children? If a 40-year-old woman becomes pregnant, what prenatal diagnostic 


test would likely be performed? What abnormality might be detected? 

. Are tere any drugs that are considered safe during early pregnancy? If so, 
name some commonly prescribed ones. 

. A 12-year-old girl contracted German measles, and her mother was worried 
that the child might develop cataracts. What would the doctor likely tell the 
mother? 


The answers to these questions are given at the back of the book. 
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BODY CAVITIES, 
PRIMITIVE 

MESENTERIES, AND 
DIAPHRAGM 


Early development of the intraembryonic 
coelom, or body cavity, is described in 
Chapter 4 (see Fig. 4-7). By the fourth week, 
it appears as a horseshoe-shaped cavity in 
the cardiogenic and lateral mesoderm (Fig. 
9-1), The curve, or bend, in this cavity 
represents the future pericardial cavity, and 
its limbs indicate the future pleural and 
peritoneal cavities. The greater part of each 
limb of the cavity opens into the extraem- 
bryonic coelom at the lateral edges of the 
embryonic disc (Fig. 9-14 and #). This com- 
munication is important, for, as described in 
Chapter 12, most of the midgut herniates 
through this communication into the umbili- 
cal cord (see Figs. 12-6 and 12-12), where it 
develops into most of the small intestine and 
part of the large intestine. 


In embryos of lower forms of animals, the 
intraembryonic coelom provides short-term 














Storage for excretory products. In the human 
embryo, the coelom primarily provides room for 
organ development and movement. The commu- 
nication between the intraembryonic and ex- 
traembryonic cocloms, or cavities, may aid in the 
transfer of flurd and nutrients to the early embryo, 
particularly during establishment of the uteropla- 
cental circulation. 

During transverse folding of the embryo, 
the limbs or lateral parts of the intraem- 
bryonic coelom are brought together on the 
ventral aspect of the embryo (Fig. %2C and 
F). In the region of the future peritoneal 
cavity, the ventral mesentery degenerates, 
resulting in a large embryonic peritoneal 
cavity extending from inferior to the heart to 
the pelvic region (Fig. 9-2F). 

Three well-defined coelomic or body cavi- 
ties are now recognizable: (1) a large pericar- 
dial cavity (Fig. 9+-2B and £); (2) two rela- 
tively small pericardioperitoneal canals 
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Figure 9-1 A, Diagram of embryo during stage 10 of development (about 22 days) showing the outline of the 
horseshoe-shaped intraembryonic coeiom. The amnion has been removed and the coelom is shown as if the 
embryo were translucent. The continuity of the coelom, as well as the communication of its right and left 
extremities with the extraembryonic coelom, is indicated by arrows. B, Transverse section through the embryo 
at the level shown in A. 
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Figure 9-2 Drawings Illustrating folding of the embryo and its effects on the intraembryonic coelom end 
other structures, A, Lateral view of en embryo during stage 12 of development (about 26 deys). 8, Schematic 
longitudinal section of this embryo showing the head end tail folds. C, Transverse section et the level shown In 
A, Indicating how fusion of the faterat folds gives the embryo e cylindricel form. D, Leterel view of en embryo 
during stege 13 (ebout 28 days). E, Schematic longitudinel section of this embryo showing the reduced 
communication between the intraembryonic and extraembryonic coeloms (double-headed errow), F, Trans- 
verse section as Indicated in D, illustrating formation of the ventral body wall and disappearance of the ventral 
mesentery. The arrows indicate the junction of the somatic and splanchnic mesoderm layers. The somatic 
mesoderm layer will become the parietal peritoneum, which fines the ebdominal well, end the splanchnic 


mesoderm layer will become the viscerel peritoneum covering an organ {e.g., the stomach), | 


connecting the pericardial and peritoneal 
cavities (Figs. 9-3B and 9-4), and (3) a large 
peritoneal cavity (Figs. 9-2F and 9-3C to £). 
These cavities possess a parietal wall lined 
by mesothelium derived from the somatic 
mesoderm, and a visceral wall covered by 
mesothelium derived from the splanchnic 
mesoderm (Fig. 9-3). The peritoneal cavity 
becomes separated from the extraembryonic 
coelom at the umbilicus when the intestines 
return to the abdomen from the umbilical 
cord during the tenth week (see Chapter 12 
and Fig. 12-11). 

With formation of the head fold, the heart 
and pericardial cavity are carried ventrally 


and caudally, anterior to the foregut. (Figs. 
9-28 and E and 9-3A and B). The pericardial 
cavity then opens dorsally into the pericar- 
dioperitoneal canals, which pass dorsal to 
the septum transversum on each side of the 
foregut (Fig. 9-48 and D), 

After folding of the embryo, the caudal 
part of the foregut, midgut, and hindgut are 
suspended in the peritoneal cavity from the 
posterior abdominal wall by the dorsal mes- 
entery (Figs, 9-2F and 9-3C to £). A mesen- 
tery is a double fold of peritoneum. Tran- 
siently, the dorsal and ventral mesenteries 
divide the peritoneal cavity into right and left 


_ halves, but the ventral mesentery soon dis- 
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Figure 9-3 Diagrams illustrating the mesenteries at the beginning of the fifth week. A, Schematic 
longitudinal section. Note that the dorsal mesentery serves as a pathway for the arteries supplying the 
developing gut. Nerves and lymphatics also pass between the layers of the dorsal mesentery. B to £, Transverse 
sections through the embryo at the levels indicated in A. The ventral mesentery disdppears, except in the 
region of the terminal esophagus, the stomach, and the first part of the duodenum. 
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Figure 9-4 Schematic drawings of an embryo during stage 11 of development (about 24 days). A, The 
lateral wall of the pericardial cavity has been removed to show the primitive heart. 8, Transverse sectlon 
Illustrating the relationship of the pericardioperitoneal canals to the septum transversum (primordium of 
diaphragm, in part) and the foregut. C, Lateral view with the heart removed. The embryo has been sectioned 
transversely to show the continuity of the intraembryonic and extraembryonle coeloms. D, Sketch showing the 
perlcardioperitoneal canals arising from the dorsal wall of the pericardial cavity and passing on each side of 
the foregut to join the peritoneal cavity. The arrows show the communication of the extraembryonic coelom 
with the intraembryonic coelom and the continuity of the intraembryonic coeiom at this stage. 


appears, except where it is attached to the 
caudal part of the foregut. The peritoneal 
cavity then becomes a large continuous 
space (Figs. 9-3 and 9-4), The arteries sup- 
plying the primitive gut, i.e., the celiac (fore- 
gut), the superior mesenteric (midgut), and 
the inferior mesenteric (hindgut}, pass be- 
tween the layers of the dorsal mesentery 
(Fig. 9-3). 


DIVISION OF THE COELOM 


Each pericardioperitoneal canal lies lateral 
to the foregut (future esophagus) and dorsal 
to the septum transversum (Fig. 9?-4B). Parti- 
tions form concurrently in each pericardio- 
peritoneal canal and separate the pericardial 
cavity from the pleural cavities and the pleu- 
ral cavities from the peritoneal cavity. 

Owing to lateral growth of the lung buds 
(developing lungs) into the pericardioperi- 


toneal canals (Fig. 9-5A), a pair of ridges is 
produced in the lateral wall of each canal. 
The cranial ridges, or pleuropericardial 
membranes, are located superior to the de- 
veloping lungs, and the caudal ridges, or 
pleuroperitoneal membranes, are located in- 
ferior to them. 

The Pleuropericardial Membranes (Fig. 
9-5), These cranial partitions gradually 
separate the pericardial cavity from the 
pleural cavities. Initially, this pair of mem- 
branes appears as ridges or bulges of me- 
senchyme containing the common cardinal 
veins, which pass to the heart (Fig. 9~5A). 
These veins drain the primitive venous sys- 
tem into the sinus venosus of the primitive 
heart (see Figs. 14-1 and 14-2). 

At this stage, the lung buds are very smail 
relative to the heart and pericardial cavity. 
They grow laterally from the caudal end of 
the trachea into the corresponding pericar- 
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dioperitoneal canal (pleural canal), which 
becomes the primitive pleural cavity (Fig. 
9-5B and C). As these cavities expand ven- 
trally around the heart, they extend into the 
body wall and split the mesenchyme into (1) 
an outer layer that becomes the thoracic wall 
and (2) an inner layer (the pleuropericardial 
membrane) that becomes the fibrous pericar- 
dium, the outer fibrous layer of the mem- 
branous sac enclosing the heart (Fig. 9-5C 
and D). 

Initially, the pleuropericardial membranes 
project into the cranial ends of the pericar- 
dioperitoneal canals (Fig. 9-SA). With sub- 
sequent growth of the common cardinal 
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veins, descent of the heart, and expansion of 
the pleural cavities, these membranes be- 
come mesentery-like folds extending from 
the lateral thoracic wall (Fig. 9-5B). By the 
seventh week, the pleuropericardial mem- 
branes fuse with the mesoderm ventral to the 
esophagus, or primitive mediastinum, Ssepa- 
rating the pericardial cavity from the pleural 
cavities (Fig. 9-5C). The mediastinum in the 
embryo is filled with a mass of mesenchyme 
(embryonic connective tissue), lt extends 
from the sternum to the vertebral column 
and separates the developing lungs. 

The right pleuropericardial opening closes 
slightly earlier than the one on the left, 


right common cardinal vein 











Figure 9-5 Schematic drawings of transverse sections through embryos cranial to the septum transversum, 
itustrating successive stages in the separation of the pleural cavities from the pericardial cavity. Growth and 
development of the Jungs, expansion of the pleural cavities, and formation of the fibrous pericardium are also 
shown. A, Five weeks. The arrows indicate the communications between the pericardioperitoneal canals and 
the pericardial cavity. 8, Six weeks. The arrows indicate develapment of the pleural cavities as expansions into 
the body wail. C, Seven weeks. Expansion of the pleural cavities ventrally around the heart Is shown. The 
pleuropericardial membranes are now fused in the midifine with each other and with the mesoderm ventral to 
the esophagus. D, Eight weeks. Continued expansion of the lungs and pleurat cavities and formation of the 


fibrous pericardium and chest wall are illustrated. 
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Figure 9-6 A, Sketch of a lateral view of an embryo during stage 15 of development (about 33 days). The 
rectangle indicates the area enlarged in the drawing belaw it. 8, The primitive coelom or body cavities viewed 
from the left side after removal of the laleral body wall. C, Transverse section through the embryo at the level 


shown inA and 8. 


probably because the right common cardinal 
Vein is larger than the left one and produces a 
larger pleuropericardial membrane. 

The Pleuroperitoneal Membranes. 
(Figs. 9-6 and 9-7). These caudal parti- 
tions gradually separate the pleural cavities 
from the peritoneal cavity. This pair of mem- 
branes is mainly produced as the developing 
lungs and pleural cavities expand by invad- 
ing the body wall. They are attached dorsola- 
teraily to the body wall, and their crescentic 
free edges initially project into the caudal 
ends of the pericardioperitoneal canals. They 
become relatively more prominent as a result 
of the growth of the lungs cranial to them and 
the liver caudal to them. 

During the sixth week, the pleuroperito- 
neal membranes extend medially and ven- 
trally until their free edges fuse with the 
dorsal mesentery of the esophagus and with 
the septum transversum (Fig. 9-7C). This 
separates the pleural cavities from the perito- 
neal cavity. Closure of the pleuroperitonea! 
openings is assisted by growth of myoblasts 
(primitive muscle cells) into these mem- 
branes, which form the posterolateral parts 
of the diaphragm (Fig. 9-7}. The opening on 
the right side closes slightly before the one 
on the left; the reason for this is uncertain, 
but it might be related to the large size of the 
liver at this stage of development. 


DEVELOPMENT OF THE DIAPHRAGM 


This dome-shaped, musculotendimous par- 
tition separating the thoracic and abdomino- 


pelvic cavities mainly develops from four 
structures (Fig. 9-7): 

1. The Septum Transversum. This 
transverse septum, composed of mesoderm, 
forms the central tendon of the diaphragm 
(Fig. 9-7E). The septum transversum is first 
identifiable at the end of the third week as a 
mass of mesoderm cranial to the pericardial 
cavity (sce Fig. 5-14). After the head fold 
forms during the fourth week, the septum 
transversum becomes a thick incomplete 
partition, or partial diaphragm, between the 
pericardial and abdominopelvic cavities (Fig. 
9.4). The septum transversum fuses dorsally 
with the mesenchyme ventral to the esopha- 
gus (primitive mediastinum) and with the 
pleuroperitoneal membranes (Fig. 9-7C). 

2. The Pleuroperitoneal Membranes. 
These membranes fuse with the dorsal mes- 
entery of the esophagus and with the dorsal 
portion of the septum transversum (Fig. 9~ 
7C). This completes the partition between 
the thoracic and abdominopelvic cavities and 
forms the primitive diaphragm. 

Although the pleuroperitoneal membranes 
form large portions of the primitive dia- 
phragm, they represent relatively small inter- 
mediate portions of the fully developed dia- 
phragm (Fig. 9-7£). 

3. Dorsal Mesentery of Esophagus. 
As previously described, the septum trans- 
versum and the pleuroperitoneal membranes 
fuse with the dorsal mesentery of the esoph- 
agus (dorsal mesoesophagus). This mesen- 
tery constitutes the median portion of the 
diaphragm. The crura of the diaphragm 
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Figure 9-7 Drawings illustrating development of the diaphragm. A, Skeich of a lateral view of an embryo at 
the end of the fifth week (actua/ size) indicating the level of section. 8 to E show the diaphragm as viewed from 
below. 8, Transverse section showing the unfused pleuroperitoneai membranes. C, Similar section at the end 
of the sixth week after fusion of the pleuroperitoneal membranes with the other two diaphragmatic 
components. D, Transverse section through a 12-week embryo after ingrowth of the fourth diaphragmatic 
component from the body wail. E, View of the diaphragm of a newborn infant, indicating the probabie 


embryological origin of its components. 


develop from muscle fibers that grow into 
the dorsal mesentery of the esophagus (Fig. 
9-~7E). 

4. The Body Wall. During the ninth to 
twelfth weeks, the lungs and pleural cavities 
enlarge and burrow into the fateral body 
walls (Fig. 9-5). During this ‘‘excavation’’ 
process, body-wall tissue is split into two 
layers: (1) an outer layer that will form part 
of the definite body wall, and (2} an inner 
layer that contributes to peripheral portions 
of the diaphragm, external to the portions 
derived from the pleuroperitoneal mem- 
branes (Fig. 9-7D). 

Further extension of the pleural cavities 
into the body walls forms the right and left 


costodiaphragmatic recesses and establishes 
the characteristic dome-shaped configura- 
tion of the adult diaphragm (Fig. 9-8). After 
birth, the costodiaphragmatic recesses be- 
come alternately smaller and larger as the 
lungs move in and out of them during inspira- 
tion and expiration. 


POSITIONAL CHANGES AND 
INNERVATION OF THE DIAPHRAGM 


During the fourth week, the septum trans- 
versum lies opposite the third, fourth, and 
fifth cervical somites (Fig. 9-9A). During the 
fifth week, myoblasts from the myotomes of 
these somites migrate into the developing 
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diaphragm and bring their nerves with them. 
Thus, the supply of the diaphragm is from 
the third, fourth, and fifth cervical nerves, 
which are contained in the phrenic nerves. 
These nerves pass to the septum transver- 
sum via the pleuropericardial membranes. 
This explains why the phrenic nerves sub- 
sequently come to lie on the fibrous pericar- 
dium (Fig. 9-5C and D), 

Rapid growth of the dorsal pan of the 
embryo’s body compared with the ventral 
part results in an apparent migration or de- 
scent of the diaphragm. By the sixth week, 
the developing diaphragm is at the level of 
the thoracic somites (Fig. 9-9B). The phrenic 
herves now take a descending course, and, 
as the diaphragm ‘‘moves”’ relatively farther 
caudally in the body, these nerves are cor- 
respondingly lengthened. By the beginning 
of the eighth week, the dorsal part of the 
diaphragm lies at the level of the first lumbar 
vertebra (Fig. 9-9C). 

As the parts of the diaphragm fuse (Fig. 
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Figure 9-8 Diagrams ilfustrating the extension 
of the pleura! cavities into the body walls to form 
the peripheral portions of the diaphragm, the cos- 
todiaphragmatic recesses, and the establishment 
of the characteristic dome-shaped configuration of 
the diaphragm. Note that the body wall tissue is 
added lo the diaphragm peripherally as the lungs 
and pleural cavities enlarge. 


9-7), mesenchyme of the septum transver- 
sum extends into the other parts and forms 
myoblasts that differentiate into the muscle 
of the diaphragm. Hence, the motor nerve 
supply to the diaphragm is via the phrenic 
nerves (ventral rami of C3, 4, 5). 

The phrenic nerve is also sensory to the 
central region of the diaphragm, but the 
peripheral region, which develops from the 
body wall (Fig. 97E), receives sensory 
nerves from the lower six or seven inter- 
costal nerves. 


CONGENITAL MALFORMATIONS 
Congenitai Diaphragmatic Hernia 


(Figs. 9-10 and 9-11). Posterolateral defect 
of the diaphragm is the only relatively com- 
mon congenital abnormality of the dia- 
phragm. It occurs about once in 2000 births 
and leads to herniation of abdominal con- 
tents into the thoracic cavity. This abnormal- 
ity results from defective formation and/or 






Figure 9-9 Diagrams illustrating positional changes of lhe developing diaphragm. A, Stage 11 of 
development {about 24 days). The septum transversum (primardium of the diaphragm, in part) is at the fevel of 
the third, fourth, and fifth cervical segments. B, Slage 17 of development {about 41 days). C, Stage 21 of 


development (about 52 days}. 
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Figure 9-10 Photograph of a transverse section 
through the thoracic region of a newborn infant, 
viewed from above. Note the large left posterolateral 
defect of the diaphragm. Half actual size. 


fusion of the pleuroperitoneal membrane, 
which normally separates the pleural and 
peritoneal cavities. The defect, usually uni- 
lateral, consists of a large opening (often 
called the foramen of Bochdalek) in the 
posterior or the posterolateral region of the 
diaphragm (Fig. 9-10). The defect occurs five 
times more often on the left side than on the 
right (Verhagen, 1967); this is likely related 
to the earlier closure of the right pleuroperi- 
toneal opentng. Normally the pleuroperito- 
neal membranes fuse with other diaphrag- 
matic components by the end of the sixth 
week (Fig. 9-7C). If a pleuroperitoneal méem- 
brane is unfused when the intestines return 
to the abdomen from the umbilical cord 
during the tenth week (see Fig. 12-11), the 
intestines pass into the thorax. Often, the 
stomach, spleen, and most of the intestines 
herniate into the thorax (Fig. 9-11). In rare 
instances, the liver and kidneys also pass 
into the thoracic cavity and displace the 
lungs and heart. Sornetimes, the viscera can 
move freely through the defect; they may 
therefore be in the thoracic cavity, especially 
when the infant is lying down, or in the 
abdominal cavity when the infant ts 
upright. 

lf the abdominal viscera are in the thoracic 
cavity at birth, the initiation of respiration 
may be irnpaired. Because the abdominal 
organs are most often in the left side of the 


thorax, the heart and mediastinum are usual- 
ly displaced to the right. The lungs are often 
hypoplastic and greatly reduced in size. The 
growth retardation of the lungs results from 
lack of room in the thorax for them to 
develop normally. The affected lung is usual- 
ly aerated and often achieves its normal size 
after reduction of the herniated viscera and 
repair of the defect in the diaphragm. 


Eventration of the Diaphragm. In this rare 
condition, half the diaphragm has defective mus- 
culature and balloons into the thoracic cavity as 
an aponeurotic sheet. As a result, there is an 
upward displacement of abdominal contents into 
an outpouching of the diaphragm. This malforma- 
tion results mainly from failure of muscular tissue 
to extend into the pleuroperitoneal membrane on 
the affected side. 

Eventration is not a herniation, but is an up- 
ward displacement into a sac-like structure. The 
clinical manifestations of an eventration may sim- 
ulate a congenital diaphragmatic hernia (Vaughan 
et al., 1979). 

Congenital Eplgastric Hernia, These un- 
common hernias occur in the midline between the 
xiphoid process and the umbilicus. They are simi- 
lar to umbilical hemias except for their location. 
Epigastric hernias result from failure of the lateral 
body folds to fuse completely during transverse 
folding in the fourth week (Fig. 9-2C and F). 

Congenital Hlatal Hernla. Rarely, there may 
be partial congenital herniation of the stomach 
through an excessively large esophageal hiatus. 
Although hiatal hernia is an acquired lesion usuai- 
ly occurring during adult life, a congenitally en- 
larged esophageal hiatus may be the predisposing 
factor. 

Retrosternal Hernia. Large herniations may 
occur rarely through the sternocostal hiatus (fora- 
men of Morgagni) for the superior epigastric ves- 
sels in the retrosternal area. There may be hernia- 
tion of intestine into the pericardial sac (Vaughan 
et al., 1979), or, conversely, the heart may pass 
into the peritoneal cavity in the epigastric region. 
This large defect is commonly associated with 
defects in the umbilical region, 

Fatty herniations through the sternocostal 
hiatus are often observed by radiologists and 
pathologists in the retrosternal areal, but they are 
of no clinical significance. 

Congenital Pericardial Defects. Defective 
formation and/or fusion of the pleuropericardial 
membranes, which normally separate the pericar- 
dial and pleural cavities, is a rare abnormality; 
this defect results in a congenital defect of the 
pericardium, usually on the left side. The pericar- 
dial cavity communicates with the pleural cavity, 
and m very rare cases, a portion of the atrium 
herniates into the pleural cavity at each heartbeat 
(Gray and Skandalakis, 1972). 
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Figure 9-11 A, Photograph of an infant with a large left posterolateral diaphragmatic defect similar to that 
shown in Figure 9-10, Note the relatively fiat abdomen resulting from herniation of the abdominal contents into 
the thorax through the defect. 8, The thoracic and abdominai cavities opened at autopsy to show the intestines 
and other viscera in the thoracic cavity. The arrow indicates the displaced heart. C, The liver has been removed 
to show that only distal parts of the large intestine have remained in the abdominal cavity. The arrow passes 
through the diaphragmatic defect. (Courtesy of Dr. Jan Hoogstraten, Children’s Centre, Winnipeg, Canada.) 


SUMMARY 


The intraembryonic coelom begins to de- 
velop near the end of the third week. By the 
beginning of the fourth week, it appears as a 
continuous horseshoe-shaped cavity in the 
cardiogenic and iateral mesoderm. The 
curve, or bend, of the “‘horseshoe’’ repre- 
sents the future pericardial cavity, and the 
lateral parts, or limbs, represent the future 
pleural and peritoneal cavities. 


During folding of the embryonic disc in the 
fourth week, the lateral parts of the coelom 
are brought together on the ventral aspect of 
the embryo, where they merge in the region 
of the future peritoneal cavity. As the perito- 
neal portions of the intraembryonic coelom 
come together, the splanchnic mesoderm en- 
closes the primitive gut and suspends it from 
the dorsal body wail by a double-layered 
membrane known as the dorsal mesentery. 

Until the seventh week, the pericardial 
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cavity communicates with the peritoneal 
cavity through paired pericardioperitoneal 
canals. During the fifth and sixth weeks, 
partitions, or membranes, form near the cra- 
nial and caudal ends of these canals. The 
cranial pleuropericardial membranes sepa- 
rate the pericardial cavity from the pleural 
cavities, and the caudal pleuroperitoneal 
membranes separate the pleural cavities 
from the peritoneal cavity. 

The diaphragm develops from four main 
structures: (1) the septum transversum, (2) 
the pleuroperitoneal membranes, (3) the dor- 
sal mesentery of the esophagus, and (4) the 
body wail. 

Posterolateral defect of the diaphragm is 
the common type of congenital diaphrag- 
matic defect, and it is usually associated 
with herniation of abdominal viscera into the 
thoracic cavity (congenital diaphragmatic 
hernia). The defect occurs five times more 
often on the left side than on the right and 
results from failure of the pleuroperitoneal 
membrane on the affected side to fuse with 
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the olher diaphragmatic components and 
separate lhe pleural and peritoneal cavities. 


SUGGESTIONS FOR FURTHER 
READING 


Gray, S. W., and Skandalakis, J. E.: The diaphragm: in 
S. W. Gray and Jj. E. Skandalakis (Eds.): The Em- 
bryological Basis For the Treatment of Congenital 
Defects. Philadelphia, W. B. Saunders Co., 1972, pp. 
359-383. A well-organized account of the develop- 
ment of the diaphragm and a critical review of the 
embryogenesis of congenital malformations of the 
diaphragm. There 1s also a discussion of the diagnosis 
of these malformations and the principles underlying 
their correction. 

Hamilton, W. J., and Mossman, H. W.: Human Em- 
bryology. Prenatal Development of Form and Func- 
tion, 4th ed. Cambridge, W. Heffner and Sons, Ltd., 
1972, pp. 78-80; 291-293; 365-374. Excellent ac- 
counts of the development of the body cavities and 
the diaphragm. 

Schaffer, A. J., and Avery, M. E.: Disorders of the 
diaphragm: in A. J. Schatfer and M. E. Avery (Eds.): 
Diseases of the Newborn. 4th ed. Philadelphia, W. B. 
Saunders Co., 1977, pp. 183-192; 330-336. Contains 
short descriptions of congenital diaphragmatic defects 
and their differential diagnosis. 


CLINICALLY ORIENTED PROBLEMS 


1. Anewborn infant suffered from severe respiratory distress. The abdomen was 
unusually small and intestinal peristaltic movements were heard over the left 
side of the chest. What congenital malformation would you suspect? Explain 
the signs described above. How would the diagnosis likely be established? 

. What congenital malformation could result in herniation of intestine into the 
pericardial cavity? What is the embryological basis of this abnormality? 

. How common is posterolateral defect of the diaphragm? How do you think a 
newborn infant in whom this diagnosis is suspected should be positioned (i.e., 
tilted up or down)? Why would this positional treatment be given? 

. Ababy was born with a hernia in the midline, between the xiphoid process and 
the umbilicus. Name this type of hernia. Js it common? What is the em- 


bryological basis of this congenital malformation? 


The answers to these questions are given at the back of the book. 
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THE BRANCHIAL 
APPARATUS AND THE 
HEAD AND NECK 


The branchial apparatus consisting of (1) 
branchial arches, (2) pharyngeal pouches, 
(3) branchial grooves, and (4) branchial 
membranes (Fig, 10-1), contributes greatly 
to the formation of the head and neck. The 
cranial region of an early human embryo 
during the fourth week somewhat resembles 
a fish embryo of a comparable stage. By the 
end of the embryonic period, these ancestral 
structures have either become rearranged 
and adapted to new functions or disap- 
peared, Most congenital malformations of 
the head and neck originate during transfor- 
mation of the branchial apparatus into adult 
derivatives. 


Studying the development of the human bran- 
chial apparatus may be confusing if the function of 
the branchial apparatus in lower forms of life is 
not understood first. In fish and larval amphibi- 
ans, the branchial apparatus forms a system of 
gills for exchanging oxygen and carbon dioxide 
between the blood and the water. (The adjective 
‘branchial’ is from the Greek branchia, meaning 
‘*oi].’’) The branchial arches support the gills. 

A branchial apparatus develops in human em- 
bryos, but no gills form. Because gills do not form 
in the human embryo, some authors prefer to use 
the term pharyngeal arch instead of branchial 
arch, but the term chosen in the Nomina Em- 
bryologica is the one used in this book. 


THE BRANCHIAL ARCHES 


Branchial arches begin to develop early in 
the fourth week as neural crest cells (see Fig. 
18-8) migrate into the future head and neck 
region. The first branchial arch, the primor- 
dium of the jaws, appears as a slight surface 
elevation lateral to the developing pharynx 
(Fig. 10-1). Soon this and the other branchial 
arches appear as obliquely disposed, round- 
ed ridges on each side of the future head and 
neck regions (Fig. 10-18 to C). 


By the end of the fourth week, four well- 
defined pairs of branchial arches are visible 
externally (Fig. 10-LD). The fifth and sixth 
arches are small and cannot be seen on the 
surface of the embryo. 

The arches are separated from each other 
by prominent clefts called branchial grooves 
(Fig. 10-18 to D) and are numbered in a 
craniocaudal sequence, 

The first branchial arch, often called the 
mandibular arch, develops two prominences 
(elevations): (1) The larger mandibular 
prominence (process) forms the lower jaw, 
or mandible, and (2) the smaller maxillary 
prominence (process) gives rise to the maxil- 
la, the zygomatic bone, and the squamous 
part of the temporal bone (Fig. 10-3). 

The second branchial arch, often called 
the hyoid arch, contributes to the hyoid bone 
and adjacent regions of the neck (Fig. 10- 
3G). The arches caudal to the hyoid arch are 
referred to by number only. Structures 
derived from the branchial arches are sum- 
marized in Table 10-1. 

The branchial arches support the lateral 
walls of the cranial part of the foregut, or 
primitive pharynx. The mouth initially ap- 
pears as a slight depression of the surface 
ectoderm, called the stomodeum, or primi- 
tive mouth (Fig. 10-1D to G). At first, the 
stomodeum is separated from the primitive 
embryonic pharynx by a bilaminar mem- 
brane, the oropharyngeal membrane (buc- 
copharyngeal membrane). It is composed of 
ectoderm externally and endoderm internal- 
ly. This membrane ruptures at about 24 days, 
bringing the primitive gut, or digestive tract, 
into communication with the amniotic cavi- 
ty. 

Branchial Arch Components (Fig. 10- 
2). Each arch consists at first of mesen- 
chyme derived from the lateral mesoderm 
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Figure 10-1 Drawings illustrating the human branchial apparatus during stages 10 to 13 of development. A, 
Dorsal view of the cranial part of an early embryo. B to D, Lateral views, showing later development of the 
branchial arches. E to G, Facial views, illustrating the relationship of the first branchial arch to the stomodeum. 
H, Transverse section through the cranial region of an embryo. /, Horizontal section through the cranial region 
of an embryo, i/lustrating the branchial arch components and the floor of the primitive pharynx. J, Sagittal 
section of the cranial region ot an embryo, illustrating the openings of the pharyngeal pouches in the lateral 
wall of the primitive pharynx. 


(see Fig. 4-5G), and is covered extermmally by —_ the discrete swellings demarcating each of 
ectoderm and internally by endoderm. Soon __ the branchial arches. These neural crest cells 
neural crest cells (see Fig. 18-8) migrate into are unique in that, despite their ectodermal 
the branchial arches and surround the central _ origin, they make a major contribution to the 
core of mesenchymal cells. It is the migra- mesenchyme in the head (Noden, 1980). 
tion of the neural crest cells into the arches Mesenchyme (embryonic connective tissue) 
and their proliferative activity that produce gives rise to skeletal, connective, muscular, 
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Figure 10-2 A, Drawing of the head and 
neck region of an embryo during stage 13 of 
development (about 28 days), illustrating the 
branchial apparatus, B., Schematic drawing 
showing the pharyngeal pouches and the B 
aortic arches or branchia! arch arteries. C, j 
Horizontal section through the embryo, dorsal 
showing the floor of the primitive pharynx thyraid heart truncus corta 
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Figure 10-3 A, Lateral view of the head and neck region of an 
embryo during stage 14 of development (about 32 days), showing the 
branchial arches and the cervical sinus. 8, Diagrammatic horizontal 
section through the embryo, illustrating the growth of the second 
branchial arch over the third and fourth arches. C, An embryo during 
stage 15 of development {about 33 days). D, Horizontal section 
through the embryo, ilustrating closure of the cervical sinus. E, An 
embryo during stage 17 of development (about 41 days). F, Horizon- 
tal section through the embryo, showing the transitory cystic rem- 

nant of the cervical sinus. G, 20-week fetus, illustrating the areas of 
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and ensheathing cells of the peripheral nerv- 
ous system. Mesenchyme derived from 
neural crest cells is often called ecto- 
mesenchyme, or mesectoderm, to differen- 
tiate it from mesenchyme derived from 
mesoderm. 

The mesenchyme in each branchial arch 
gives rise to muscles (e.g., muscles of masti- 
cation, Table 10-1), cartilage, and bone. The 
neural crest cells give rise to specific skeletai 
structures; for example, those cells in the 
first arch form the cartilage of the first arch 
(Meckel’s cartilage), the maxilla, the mandi- 
ble, various ligaments, and two of the three 
ossicles of the middle ear (Fig. 10-4). 

A typical branchial arch contains an ar- 
tery, a cartilaginous bar, a muscular compo- 
nent, and a nerve (Fig. 10-2). The nerves 
grow into the arches from the brain (Fig. 
10-6) and are derived from neuroectoderm. 


FATE OF THE BRANCHIAL ARCHES 


The branchiai arches contribute extensive- 
ly to the formation of the face, the neck, the 
nasal cavities, the mouth, the larynx, and the 
pharynx. The first branchial arch is involved 
with development of the face and 1s dis- 
cussed with this region (Fig. 10-20). Small 
elevations, or hillocks, develop at the dorsal 
ends of the first and second arches surround- 
ing the first branchial groove (Fig. 10-20E,); 
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these hillocks gradually fuse to form the 
auricle, or pinna, of the external ear. 

During the fifth week, the second bran- 
chial arch overgrows the third and fourth 
arches, forming an ectodermal depression 
known as the cervical sinus (Fig. 10-3A to 
D). Gradually, the second to fourth branchial 
grooves and the cervical sinus are obliterat- 
ed. This occurs as the second branchial arch 
merges with the epicardial ridge, giving the 
neck a smooth contour (Fig. 10-3F and G). 
The branchial arches caudal to the first one 
make little contribution to the skin of the 
head and the neck. 

Derivatives of the Branchial Arch Ar- 
teries. The transformation of the aortic 
arches into the adult arterial pattern is de- 
scribed with the circulatory system in Chap- 
ter 14 (see Fig. 14-32). 


In fishes, the branchial arch arteries supply 
blood to the capillary network of the gills. In the 
human embryo, the blood in these arteries passes 
right through the branchial arches and enters the 
dorsal aortae (Fig. 10-28). 

Derivatives of the Branchial Arch Car- 
tilages (Fig. 10-4; Table 10-1}. The dor- 
sal end of the first arch cartilage (Meckel’s 
cartilage) ts closely related to the developing 
ear and becomes ossified to form two middle 
ear bones, the malleus and the incus. The 
intermediate portion of the cartilage re- 
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Figure 10-4 A, Schematic tateral view of the head and neck region af a four-week embryo, illustrating the 
location of the branchial arch cartilages. B, Simitar view of a 24-week fetus, illustrating the adult derivatives of 
the branchial arch cartilages. Note that the mandible is farmed by membranous ossification of the mes- 
enchymal tissue surrounding Meckel’s cartilage. This cartitage acts as a template, or guide, but does not 


contribute directly to the formation of the mandibte. 
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TABLE 10-1 STRUCTURES DERIVED FROM BRANCHIAL ARCH COMPONENTS* 
AND INNERVATION OF THE BRANCHIAL ARCHES 








Arch Nerve Museles Skeletal Structures Ligaments 
First- Trigeminal? (V) Muscles of mastication} Malleus Anterior ligament 
Mandibular Mylohyoid and anterior Incus of malleus 

belly of digastnc Sphenomandibular 
Tensor tympani ligament 


Tensor veli patatini 


Second- Facial (VID Muscles of facial Stapes Stylohyoid 
Hyoid expression§ Styloid process ligament 
Stapedius Lesser cornu of hyoid 
Stylohyoid Upper part of body of 
Postenor belly of digastric the hyoid bone 
Third Glossopharyngeal Stylopharyngeus Greater cornu of hyoid 
(TX) Lower part of body of 
the hyoid bone 
Fourth and Superior laryngeal Cricothyroid Thyroid cartilage 
Sixth|! branch of vagus Levator veli palatini Cricoid cartilage 
{X). Constrictors of pharynx Arytenoid cartilage 
Recurrent laryngeal Intrinsic muscles oflarynx | Corniculate cartilage 
branch of vagus (X) Cuneiform cartilage 





*The derivatives of the aortic arches are described in Chapter 14 (see Fig. 14-32). 

*The ophthalmic division does not supply any branchial components, 

+Temporalis, masseter, medial and lateral pterygoids. 

§ Buccinator, auricularis, frontalis, platysma, orbicularis ors and ocull, 

The fifth branchial arch is sometimes absent. When present, it is rudimentary like the sixth arch and usually has 
no recognizable cartilage bar. The cartilaginous components of the fourth and sixth arches fuse to form the cartilages 
listed. 
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Figure 10-5 A, Sketch of lateral view af the head and neck region of a four-week embryo, showing the 
branchial muscles. The arraw shows the pathway taken by myoblasts from the occipital myotomes to form the 
tongue musculature. 8, Sketch of the head and neck af a 20-week fetus dissected to show the muscles derived 
from the branchial arches. Parts af the platysma and sternocleiodomastoid muscles have been removed to 
show the deeper muscles. Nate that myablasts from the second branchial arch migrate from the neck region to 
the head and give rise to the muscles af facial expression. Thus, these muscles are supplied by the facial nerve, 
the nerve of the second branchial arch. 
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gresses, and its perichondrium forms the 
anterior ligament of the malleus and the 
sphenomandibular ligament. The ventral 
portion of the first arch cartilage largely 
disappears as the mandible develops around 
it by intramembranous ossification (Fig. 10- 
4B). 

The dorsal end of the second arch car- 
tilage (Reichert’s cartilage) is also closely 
related to the developing ear and oassifies to 
form the stapes of the middle ear and the 
styloid process of the temporal bone. The 
portion of cartilage between the styloid proc- 
ess and the hyoid bone regresses, and its 
perichondrium forms the stylohyoid liga- 
ment. The ventral end of the second arch 
cartilage ossifies to form the lesser cornu and 
superior part of the body of the hyoid bone 
(Fig. 10-48}. 

The third arch cartilage is located in the 
ventral portion of the arch and ossifies to 
form the greater cornu and inferior part of 
the body of the hyoid bone. 

The fourth and sixth arch cartilages fuse 
to form the laryngeal cartilages (Table [0-1), 
except for the epiglottis. The cartilage of the 
epiglottis develops from mesenchyme in the 
hypobranchial eminence (Fig. 10-18A), a de- 
rivative of the third and fourth branchial 
arches, 

Derivatives of the Branchial Arch Mus- 
cies. The muscular components of the 
branchial arches form various striated mus- 
cles in the head and the neck (Table 10-1). 
The development and migration of these 
muscles are illustrated in Figure 10-5. 

Derivatives of the Branchiai Arch 
Nerves (Fig. 10-6). Each branchial arch is 
supplied by its own cranial nerve. The 
nerves supplying the branchial muscles, list- 
ed in Table 10-1, are classified as branchial 
efferent nerves. Because mesenchyme from 
the branchial arches contributes to the 
dermis and mucous membranes of the head 
and the neck, these areas are supplied with 
sensory, or branchial afferent, fibers. 

The facial skin is supplied by the fifth 
cranial (trigeminal) nerve; however, only the 
caudal two branches (maxillary and mandibu- 
lar) supply derivatives of the first branchial 
arch (Fig. 10-68). These branches also inner- 
vate the teeth and the mucous membranes of 
the nasal cavities, the palate, the mouth, and 
the tongue (Fig. 10-6C). 

The seventh cranial (facial} nerve, the 
ninth cranial (glossopharyngeal) nerve, and 
the tenth cranial (vagus) nerve supply the 
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Figure 10-6 A, Lateral view of the head and neck 
regian af a 4-week embryo, showing the nerves 
supplying the branchial arches. 8, Sketch of a 20- 
week fetal head, showing the superficial distribution 
af the twa caudal branches of the first arch nerve (V). 
C, Sagittal section of the fetal head, showing the 
deep distributian of sensory fibers of the branchial 
nerves to the teeth and the mucosa of the tongue, 
pharynx, nasal cavity, palate, and larynx. 





186 THE BRANCHIAL APPARATUS AND THE HEAD AND NECK 


[J ectoderm mesoderm endoderm 





thyroid foramen 
diverticulum cecum 


tongue 


tongue buds 







branchial 


pharyngeal 
pouches 


grooves arches 


tubo- 
tympanic 





recess 
external 
acoustic 
meatus 
2 
3 . 
4 oa palatine 
vesicle tonsil 
cervical thymus 
SINUS parathyroid 
esophagus if 
ultimobranchial porathyroid 
tympanic cavity and body IV 
ouditory tube 
tympanic 
e 
membrane ieee 
foramen cecum 
pinna 
external 
intratonsillor ocoustic 
cleft meatus 
afatine tonsil 
P lymphoid 
tissue 


former site of 


skin of neck 
cervical sinus 


superior parathyroid 


ultimobranchia! 





body Se neat ras nee inferior parathyroid 
| eee £ gles ee ate es superior ultimobranchial 
ChRGUTSEEEE EE bs ea ives parathy roids bodies 


Figure 10-7 Schematic horizontal sections at the level shown in Figure 10-3A, illustrating the adult 
derivatives of the pharyngeal pouches. A, Five weeks. 8, Six weeks. C, Seven weeks. 
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second (hyoid), third, and caudal (fourth to 
sixth) branchial arches, respectively. The 
fourth arch is supplied by the superior laryn- 
geal branch of the vagus, and the sixth by the 
recurrent laryngeal branch. The nerves of 
the second to sixth arches have little cutane- 
‘ous distribution, but they innervate the 
mucous membranes of the tongue, the phar- 
ynx, and the larynx, as illustrated in Fig. 10~ 
6C. 


THE PHARYNGEAL POUCHES 


The primitive pharynx widens cranially 
and narrows caudally as it joins the esopha- 
gus. The endoderm of the pharynx lines the 
inner aspects of the branchial arches and 
passes into balloon-like diverticula called 
pharyngeal pouches (Figs. 10-1H to J and 
10-28 and C). Pairs of pouches develop ina 
craniocaudal sequence between the bran- 
chial arches, e.g., the first pouch lies be- 
tween the first and second branchial 
arches, 

There are four well-defined pairs of 
pouches; the fifth pair is absent or rudtmen- 
tary. The endoderm of the pouches contacts 
the ectoderm of the branchial grooves, and 
together they form thin double-layered bran- 
chial membranes that separate the pharynge- 
al pouches and the branchial grooves (Fig. 
10—1H7), 


DERIVATIVES OF THE PHARYNGEAL 
POUCHES 


The First Pharyngeal Pouch (Figs. 10-7 
and 10-8). This pouch expands into an 
elongate tubotympanic recess and envelops 
the middle ear bones. The expanded distal 
portion of this recess contacts the first bran- 
chial groove, where it later contributes to the 
formation of the tympanic membrane. The 
tubotympanic recess gives rise to the tym- 
panic cavity and the mastoid antrum, which 
develop later as a dorsal expansion of the 
tympanic cavity. The connection of the tubo- 
tympanic recess with the pharynx gradually 
elongates to form the auditory tube (pharyn- 
gotympanic tube, or Eustachian tube). 

The Second Pharyngeal Pouch (Figs. 
10-7 and 10-8). Although it is largely 
obliterated as the palatine tonsil develops, 
part of this pouch remains as the intraton- 
sillar cleft. The endoderm of this pouch 
proliferates and forms buds that grow into 
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Figure 10-8 Schematic sagittal section of a 20- 

week fetal head showing the adult derivatives of the 

pharyngeal pouches and descent of the thyroid 
gland. 





the surrounding mesenchyme. The central 
parts of these buds break down, forming the 
tonsillar crypts. The pouch endoderm forms 
the surface epithelium and the lining of the 
crypts of the palatine tonsil. At about 20 
weeks, the mesenchyme surrounding the 
crypts differentiates into lymphoid tissue and 
soon becomes organized into lymphatic nod- 
ules. 

The Third Pharyngeal Pouch (Figs. 
10-7 and 10-8), This pouch expands into a 
solid dorsal bulbar portion and a hollow 
ventral elongate portion. Its connection with 
the pharynx reduces to a narrow duct that 
soon degenerates. By the sixth week, the 
epithelium of each dorsal bulbar portion 
begins to differentiate into an inferior para- 
thyroid gland (often called parathyroid HI 
after its pouch of origin). The epithelium of 
the elongate ventral portions of the two 
pouches proliferates, obliterating the cavities 
of the pouches. These primordia of the 
thymus migrate medially, where they meet 
and fuse to form the thymus. The primordia 
of the thymus and the parathyroid glands 
lose their connections with the pharynx and 
then migrate caudally. Later, the parathyroid 
glands separate from the thymus and come to 
lie on the dorsal surface of the thyroid gland, 
which by this stage has descended from the 
foramen cecum of the tongue (Fig. 10-7C). 


Histogenesis of the Thymus. The thymus devel- 
ops from tubes of epithelial cells that are derived 
from the third pair of endodermal pharyngeal 
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pouches and from the mesenchyme into which 
these tubes grow. .The epithelial tubes soon be- 
come solid cords that proliferate and give rise to 
side branches. Each side branch becomes the core 
of a lobule of the thymus. Some cells of the 
epithelial cords become arranged around a central 
point, forming small groups of cells called Has- 
sall’s corpuscles (Ham and Cormack, 1979). 
Other cells of the epithelial cords tend to spread 
apart, but they retain connections with each other 
to form an epithelial reticulum, The mesenchyme 
between the epithelial cords forms incomplete, 
thin partitions (septa), and fymphacytes soon ap- 
pear and fill the interstices between the epithelial 
cells. The lymphocytes are derived from hemato- 
poietic stem cells (colony-forming units) [CFU’s], 
Or a special type of immediate progeny). 

Growth and development of the thymus is not 
complete at birth. It is relatively large during the 
perinatal period and may extend superiorly 
through the superior aperture of the thorax into 
the root of the neck. 

During late childhood, as puberty is reached, 
the thymus begins to diminish in relative size 
(undergoes involution). By adulthood, it is often 
scarcely recognizable. 

The Fourth Pharyngeal Pouch (Figs. 
10-7 and 10-8). This pouch also expands 
into a dorsal bulbar portion and a ventral 
elongate portion, and tts connection with the 
pharynx also becomes reduced to a narrow 
duct that soon degenerates. By the sixth 
week, each dorsal portion develops into a 
superior parathyroid gland (often called 
parathyroid IV after tts pouch of origin), 
which comes to lie on the dorsal surface of 
the thyroid gland. 

As described, the parathyroid glands 
derived from the third pouches descend with 
the thymus, and, as a result, they are carried 
to a more inferior position than the parathy- 
roid glands derived from the fourth pharyn- 
geal pouches (Figs. 10-7 and 10-8). This 
explains why the parathyroid glands derived 
from the third pair of pouches are located 
inferior to those derived from, the fourth 
pouches. 


Histogenesis of the Parathyroid Glands. ‘The ep- 
ithelium of the dorsal parts of the third and fourth 
pouches proliferates during the fifth week and 
forms smal! nodules on the dorsal aspect of each 
pouch. Vascular mesenchyme soon grows into 
these nodules, forming a capillary network. The 
chief or principal cells differentiate during the 
embryonic period and are believed to become 
functionally active in regulating fetal calcium me- 
tabolism, The oxyphil cells do not differentiate 
until about five to seven years after birth. 

The ventral elongate portion of each fourth 
pouch develops into an ultimebranchial 


body, which received its name because it is 
the last of the series of structures derived 
from the pharyngeal pouches. The ultimo- 
branchial body fuses with the thyroid gland 
and subsequently disseminates to give rise to 
the parafollicular cells, or C cells, of the 
thyroid gland. They are called C cells to 
mdicate that they produce calcitonin, a hor- 
mone involved in the regulation of the nor- 
mal calcium level in body fluids (Copp et al., 
1962). The C cells appear to differentiate 
from neural crest cells that migrate into the 
caudal branchial arches (Pearse and Polak, 
i971). 


The Fifth Pharyngeal Pouch. This rudimen- 
fary structure, when it develops, becomes part of 
the fourth pharyngeal pouch which develops into 
an ultimobranchial bady. 


THE BRANCHIAL GROOVES 


The future neck region of the human em- 
bryo exhibits four branchial grooves on each 
side during the fourth and fifth weeks (Figs. 
10-1 and 10-3). These dorsoventral grooves 
separate the branchial arches externally. 
Only one patr of branchial grooves contrib- 
utes to adult structures. The first branchial 
groove persists as the epitheltum of the ex- 
ternal acoustic meatus (Fig. 10-7C). The 
other branchial grooves come to lie in a 
depression called the cervical sinus and are 
obliterated with it as the neck develops 
(Figs. 10-3 and 10-7). 


THE BRANCHIAL MEMBRANES 


Four branchial membranes appear on each 
side of the future neck region of the human 
embryo during the fourth week (Figs. 10-14 
and 10-2C). They form where the epithelia of 
a branchial groove and a pharyngeal pouch 
approach each other, but they are temporary 
structures in the human embryo. The en- 
doderm of the pharyngeal pouches and the 
ectoderm of the branchial grooves are soon 
separated by mesoderm. Only one pair of 
branchial membranes contributes to the for- 
mation of adult structures. The first bran- 
chial membrane, along with the intervening 
layer of mesoderm, gives rise to the tympan- 
ic membrane, or eardrum (Fig. 10-7C). 


BRANCHIAL ANOMALIES 


Congenital malformations of the head and 
of the neck originate mainly during transfor- 
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Figure 10-9 A, Drawing of the head and neck region of a five-week embryo, showing the cervical sinus 
normally present at this stage of development. B, Horizontal section through the embryo, illustrating the 
relationship of the cervical sinus to the branchiaij arches and pharyngeal pouches. ©, Diagrammatic sketch of 
the adult neck region, indicating the former sites of openings of the cervical sinus and the pharyngeal pou ches. 
The broken lines indicate possible courses of branchial fistulas. D, Similar sketch showing the embryological 
basis of various types of branchial sinus. E, Drawing of a branchial fistula resulting from persistence of parts of 
the second branchia! groove and the second pharyngeal pouch. F, Sketch showing possible sites of branchial 
cysts and openings of branchial sinuses and fistulas. A branchial vestige is also illustrated. 
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Figure 10-10 A, Photograph of a child’s neck showing mucus dripping from an external branchial sinus 
(arrow). 8, Photographs of a branchiai sinus taken during excision. The external opening in the skin of the neck 
and the original course of the sinus in the subcutaneous tissue are indicated by broken lines. (From Swenson, 
O.: Pediatric Surgery, 1958. Courtesy of Appleton-Century-Crofts, Inc.) C, Photograph illustrating a branchial 
fistula in an adult female. The catheter enters the internal opening in the intratonsillar cleft (arrow), passes 
through the fistula, and leaves by the opening on the surface of the neck (arrow). 2, Radiograph showing the 
course of the fistula (arrow) through the neck. (Courtesy of Dr. D. A. Kernahan, The Children’s Memorial 


Hospital, Chicago.) 
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mation of the branchial apparatus into adult 
structures. Most of these abnormalities rep- 
resent remnants of the branchial apparatus 
that normally disappear as these structures 
develop. Most of these malformations are 
uncommMON., 

Congenital Auricular Sinuses and 
Cysts. Small blind pits, or cysts, in the 
skin are commonly found in a triangular area 
anterior to the ear (Fig. 10-9F), but may 
occur in other sites around the auricle or in 
the lobule. Although some pits and cysts are 
remnants of the first branchial groove, others 
may represent ectodermal folds sequestered 
during formation of the external ear (Gray 
and Skandalakis, 1972). 


Branchial Sinus, or Lateral Cervical Sinus. 
Branchial sinuses are uncommon, and almost all 
that open externally on the side of the neck resull 
from failure of the second branchial groove and 
the cervical sinus to obliterate (Figs. 10-9 and 
10-108). A blind pit or channel then remains, 
which typically opens on the line of the anterior 
border of the sternocleidomastoid muscle in the 
inferior third of the neck (Figs. 10-9D and F and 
10-108). Often there is an intermittent discharge 
of mucus from the opening (Pig. 10-10A). 

External branchial sinteses are commonly de- 
tected during infancy owing to the discharge of 
material from their orifices on the neck. Branchial 
sinuses are bilateral in about 10 per cent of cases 
and are commonly associated with auricular si- 
nuses in the lobule of the auricle. 

Internal branchial sinuses opening into the 
pharynx are very rare. Because they usually open 
into the intratonsillar cleft or near the palato- 
pharyngeal arch (Fig. 10-9D and F), almost all 
these sinuses result from persistence of part of the 
second pharyngeal pouch. 

Branchlal Fistula (Fig. 10~-10C). An abnor- 
mal tract (canal) opening both on the side of the 
neck and in the pharynx is called a branchial 
fistula (Fig. 10-9E and F), It is usually the result 
of persistence of parts of the second branchial 
groove and second pharyngeal pouch, The fistula 
ascends from its cervical opening through the 
subcutaneous tissue, the platysma muscle. and 
the deep fascia to reach the carotid sheath. It then 
passes between the internal and external carotid 
arteries and usually opens in the intratonsillar 
cleft (Figs. 10-8, 10-9F, and 10-10C and D). In 
older patients, there may occasionally be a dis- 
agreeable’ taste in the mouth, owing to the dis- 
charge of material into the pharynx from the fis- 
tula. 

Branchial Cyst, or Lateral Cervical Cyst. 
The third and fourth branchial arches are nor- 
mally buried in the cervical sinus (Fig. 10-9). 
Remnants of parts of the cervical sinus and/or the 





Figure 10-11 Photograph of a cartilaginous 
branchial vestige under the skin of a child's neck. 
(From Swenson, 0.: Pediatric Surgery, 1958. Cour- 
tesy of Appleton-Century-Crofts, inc.) 


second branchial groove may persist and form 
spherical or elongate cysts (Fig. 10-9B and F). 
Although they may be associated with branchial 
sinuses and drain through them, these cysts often 
lie free in the neck just infenor to the angle of the 
mandible, They may, however, develop anywhere 
along the anterior border of the sternocleidomas- 
toid muscle. 

These cysts often do not become apparent until 
late childhood or early adulthood, when they 
produce a slowly enlarging, painless swelling in 
the neck. The cysts enlarge owing to the accumu- 
lation of fiuid and cellular debris derived from 
desquamation of their epithelial linings. 

Branchial Vestige. Normally, the branchial 
cartilages disappear, except for those parts that 
form ligaments or bones (Fig. 10-48 and Table 
10-1). Very rarely, cartilaginous or bony rem- 
nants of branchial arch cartilages may appear 
under the skin on the side of the neck (Fig. 
10-11). These are usually found anterior to the 
inferior third of the sternocleidomastoid muscle 
(Fig. 10-9F), 

The First Arch Syndrome (Fig. 10-12). 
Maldevelopment of the components of the 
first branchial arch results in various congen- 
ital malformations of the eyes, the ears, the 
mandible, and the palate that together constt- 
tute the first arch syndrome. This set of 
symptoms is believed to be caused by insuffi- 
cient migration of cranial neural crest cells 
into the first branchial arch during the fourth 
week. There are two main manifestations of 
the first arch syndrome. 

In Treacher Collins syndrome (mandibulo- 
facial dysostosis), which is caused by an 
autosomal dominant gene, there is malar 
hypoplasia with downslanting palpebral fis- 
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Figure 10-12 Photograph of an infanl with the 
first arch syndrome, a pattern of malformations re- 
sulting from Insufficient migration of neural crest 
cells into the first branchial arch. Note the following: 
deformed auricle of the external ear, preauricular 
appendage, defect in cheek between the ear and the 
mouth, hypoplasia of the mandible, and large mouth. 
(Courtesy of Or. T. V.N. Persaud, Professor of Anato- 
my, University of Manitoba, Winnipeg, Canada.) 






sures, defects of the lower eyelid, deformed 
external ear, and, sometimes, abnormalities 
of the middle and inner ears (Hayden and 
Arnold, 1968, and Smith, 1976). 

In Pierre Robin syndrome, striking hypo- 
plasia of the mandible, cleft palate, and de- 
fects of the eye and the ear are found 
(Goodman and Gorlin, 1970). Jn the Robin 
morphogenetic complex, the initiating defect 
was the small mandible (micrognathia), 
which resulted in posterior displacement of 
the tongue and obstruction to the full closure 
of the palatine processes (Fig. 10-23) and a 
U-shaped bilateral cleft palate (Fig. 10-29). 


Congenital Thymic Aplasia and Absence of 
the Parathyroid Giands (DiGeorge Syn- 
drome). Infants with this disease are born 
without thymus and parathyroid glands, but 
ectopic glandular tissues have been found at au- 
topsy in some cases (Rosen, 1965), The disease is 
characterized by congenital hypoparathyroidism, 
increased susceptibility to infections, malforma- 
tions of the mouth (shortened philtrum of lip or 
fish-mouth deformity), low-set notched ears, 
nasal clefts, thyroid hypoplasia, and cardiac ab- 
normalities (defects of the aortic arch and 
heart). 

This syndrome results from failure of the third 
and fourth pharyngeal pouches to differentiate 
into the thymus and the parathyroid glands. The 
facia] abnormalities result from abnormal devel- 
opment of the first arch components during forma- 
tion of the face and the ears. There is no known 
genetic cause for these abnormalities; the syn- 
drome may result from a teratogen acting during 
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the fourth to sixth weeks, when the branchial arch 
components are transforming into adult deriva- 
tives. Thymic transplantation has been successful 
in treatment of DiGeorge syndrome (Vaughan et 
al., 1979). 

Accessory Thymic Tissue (Fig. 10-13). An 
isolated portion of thymic tissue may persist in the 
neck, often in close association with one of the 
inferior parathyroid glands. 

Variations in the shape of the thymus some- 
times occur. It may exhibit slender cords, or 
prolongations, into the neck on each side, an- 
terolatreal to the trachea. These processes may be 
connected to the inferior parathyroid glands by 
fibrous strands. 

Ectopic and Supernumerary Parathy- 
roid Glands (Fig. 10-13). The parathyrotd 
glands are highly variable in number and 
location. They may be found anywhere near 
or within the thyroid or thymus glands. Rare- 
ly, an inferior parathyroid gland may fail to 
descend and will remain near the bifurcation 
of the common carotid artery. In other cases, 
it may accompany the thymus into the tho- 
rax. The variability of the position of the 
parathyroid glands may create a problem 
during thyroid and parathyroid surgery. 

In rare cases, there are more than four 
parathyroid glands. Supernumerary parathy- 
roid glands probably form by division of the 
primordia of the origina] glands. Absence of 
a parathyroid gland results from failure of 
development of one of the primordia or from 
atrophy of the gland early in development. 


DEVELOPMENT OF THE THYROID 
GLAND 


The thyroid gland is the first endocrine 
gland to appear in embryonic development. 
It begins to develop during stage 11 of devel- 
opment (about 24 days) from a median en- 
dodermal thickening in the floor of the primi- 
tive pharynx (Fig. 10-14), just caudal to the 
future site of the median tongue bud (Fig. 
10-18A). This thickening soon forms a down- 
growth known as the thyroid diverticulum 
(Figs. 10-2B, 10-7A, and 10-14A). As the 
embryo elongates and the tongue grows, the 
developing thyroid descends in the sub- 
stance of the neck, passing ventral to the 
developing hyoid bone and laryngeal car- 
tilages. It is connected to the tongue by a 
narrow canal, the thyroglossal duct (Fig. 
10-14B and C); its opening in the tongue is 
called the foramen cecum (Figs. 10-18 and 
10-19). 

The thyroid diverticulum grows rapidly 
and divides into two lobes. The right and left 
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Figure 10-14 A, 8, and ©, Schematic sagittal 
sections of the head and neck region of embryos at 
four, five, and six weeks, respectively, Ulustrating 
successive stages of development of the thyroid 
giand. D, Similar section of an adult head, showing 
the path taken by the thyroid gland during its de- 
scent and the former tract of the thyrogiossal duct. 


194 THE BRANCHIAL APPARATUS AND THE HEAD AND NECK 


persistent 
thyroglossal 
duct 


pyramidal 
labe 


- isthmus 





Soil 


Figure 10-15 Photograph of the anterior surface 
of an adult thyroid gland, showing persistence of the 
thyroglossal duct. The pyramidal lobe, ascending 
from the superior border of the isthmus, represents a 
persistent portion of the inferior end of the thyro- 
glossai duct. This conical lobe is seldom median, 
lying more often on the left, as in this specimen. 


lobes are connected by an isthmus that lies 
anterior to the second and third tracheal 
rings. By seven weeks, the thyroid gland has 
usually reached its final site in the inferior 
part of the neck. By this time, the thyroglos- 
sal duct has normally disappeared. 

A pyramidal lobe (Fig. 10-14D), which 
extends superiorly from the isthmus, is pres- 
ent in about 50 per cent of people. This lobe 
may be attached to the hyoid bone by fibrous 
or muscular tissue. The pyramidal lobe rep- 
resents a persistent portion of the inferior 
end of the thyroglossal duct (Figs. 10-13D, 
10-14, and 10-15). The original opening of 
the thyroglossal duct persists as a veStigial 
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pit, the foramen cecum of the tongue (Figs. 
10-18 and 10-19). 


Histogenesis of the Thyroid Gland. At first, the 
thyroid primordium consists of a solid mass of 
endodermal cells. it is later broken up into a 
network of epithelial cords, or plates, by invasion 
of the surrounding vascular mesenchyme. By the 
tenth week, these cords have divided into small 
cellular groups. Soon, a lumen forms in each of 
these clusters, and the cells become arranged in a 
single layer around the lumen. During the elev- 
enth week, colloid begins to appear in these 
structures, called thyroid follicles, and thereafter 
thyroxine can be demonstrated. For a detailed 
account of the histogenesis of the thyroid gland, 
see Shepard (1975). 


CONGENITAL MALFORMATIONS OF 
THE THYROID GLAND 


Thyroglossal Cysts and Sinuses. Cysts 
may form anywhere along the course fol- 
lowed by the thyroglossal duct during de- 
scent of the thyroid gland from the tongue 
(Fig. 10-16), Normally, the thyroglossal duct 
atrophies and disappears, but remnants of it 
may persist and give rise to cysts in the 
tongue or in the midline of the neck, usually 
just inferior to the hyoid bone (Fig. 10-168). 
The swelling usually develops as a painless, 
progressively enlarging, and movable mass. 
In some cases, an opening through the skin 
exists as a result of perforation following 
infection of the cyst. This forms a thyroglos- 
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Figure 10-16 A, Diagrammatic sketch of the head, showing the possible locations of thyroglossal duct 
cysts. A thyroglossal duct sinus is also illustrated. The broken line indicates the course taken by the 
thyroglossal duct during descent of the thyroid gland from the foramen cecum to its final position anterior to 
the trachea. 8, A similar sketch itlustrating lingual and cervical thyroglossal duct cysts. Most cysts are /ocated 


near the hyoid bone. 
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Figure 10-17 Diagrammatic sketch of the head, 
showing the usual! sites of ectopic thyroid tissue. The 
broken line indicates the path followed by the thyroid 
gland during its descent and the former tract of the 
thyroglossal duct. 


sal duct sinus that usually opens in the 
midline of the neck anterior to the laryngeal 
cartilages (Fig. 10-164). 


Ectopic Thyroid Gland and Accessory Thy- 
roid Tissue. Rarely, the thyroid fails to de- 
scend, resulting in a lingual thyroid (Fig. 10-17). 
Very rarely, incomplete descent results in the 
thyroid gland appearing high in the neck at or just 
inferior to the hyoid bone. Accessory thyroid 
tissue may be functional, but it is often of insuffi- 
cient size to maintain normal function if the 
thyroid gland is removed. Accessory thyroid tis- 
sue may result from pieces of the gland that 
become separated from the main gland, but it 
usually originates from remnants of the thyrogios- 
sal duct. It may be found anywhere from the 
tongue to the usual site of the thyroid gland. 


DEVELOPMENT OF THE TONGUE 


Around the end of the fourth week, a 
median, somewhat triangular elevation ap- 
pears in the floor of the pharynx just rostral 
to the foramen cecum. This elevation, the 
median tongue bud (tuberculum impar), 
gives the first indication of tongue develop- 
ment (Fig. 10-184). Soon, two oval distal 
tongue buds (lateral lingual swellings) devel- 
op on each side of the median tongue bud. 
These elevations result from  prolifera- 
tion of mesenchyme in the ventromedial 
parts of the first pair of branchial arches. The 


distal tongue buds rapidly increase in size, 
merge with each other, and overgrow the 
median tongue bud. 

The merged distal tongue buds form the 
anterior two thirds, or oral part, of the 
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Figure 10-18 A and 8B, Schematic horizontal sec- 
tions through the pharynx at the level shown in 
Figure 10-34, showing successive stages in the de- 
velapment of the tongue during the fourth and fifth 
weeks. C, Adult tongue showing the branchial arch 
derivation of the nerve suppiy of the mucosa. 
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Figure 10-19 Photograph of the dorsum of an adult tongue. The foramen cecum indicates the site of origin 
of the thyroid diverticulum and thyroglossa! duct in the embryo. The sulcus terminalis demarcates the 
developmentally different pharyngeal and oral parts of the tongue. 


fongue (Fig. 10-18C). The plane of fusion of 
the distal tongue buds is indicated super- 
ficially by the median suicus of the tongue 
(Fig. 10-18C) and internally by the fibrous 
median septum. The median tongue bud 
forms no recognizable portion of the adult 
tongue. 

The posterior third, or pharyngeal part, of 
the tongue is initially indicated by two eleva- 
tions that develop caudal to the foramen 
cecum (Fig. 10-184): (1) the copula ee 
bond, tie), formed by fusion of the ven- 
tromedial parts of the second branchial 
arches; and (2) the large Aypobranchial emi- 
nence, which develops caudal to the copula 
from mesoderm in the ventromedial parts of 
the third and fourth branchial arches. 

As the tongue develops, the copula is 
gradually overgrown by the hypobranchial 
eminence and disappears (Fig. 10-188 and 
C). As a result, the posterior third of the 
tongue develops from the cranial part of the 
hypobranchial eminence. The line of fusion 
of the anterior and posterior parts of the 
tongue is roughly indicated by the V-shaped 
groove called the rerminal sulcus (Figs. 10- 
i8C and 10-19). 

Branchial arch mesenchyme forms the 
connective tissue and the lymphatic and 
blood vessels of the tongue, and probably 
some of its muscle fibers. Most of the tongue 


musculature, however, is derived from 
myoblasts that migrate from the myotomes 
of the occipital somites (Fig. 10~5A). These 
myoblasts (primitive muscle cells) migrate 
into the tongue, where they differentiate into 
the muscles. The hypoglossal nerve (CN 
XII) accompanies the myoblasts during their 
migration and innervates the tongue muscu- 
lature when it develops. 


Papiliae and Taste Buds. The papillae of 
the tongue appear during stage 22 (about 54 days). 
The vailate and foliate papiliae appear first in 
close relationship to the terminal branches of the 
glossopharyngeal nerve. The fungiform papillae 
appear later, near the terminations of the chorda 
tympani branch of the facial nerve. All the papil- 
lae soon develop taste buds. The filiform papillae 
develop during the early fetal period. Responses 
can be induced in the face by bitter-tasting sub- 
Stances at 26 to 28 weeks because reflex pathways 
belween taste buds and facial muscles are es- 
tablished by this stage. 

The Nerve Supply of the Tongue. Develop- 
ment of the tongue from the branchial arches 
explains its nerve supply. The sensory nerve 
supply lo the mucosa of almost the entire anterior 
two thirds of the tongue (oral part) is from the 
lingual branch of the mandibular division of the 
lrigeminal nerve (Fig. 10-18C), the nerve of the 
first branchial arch, which forms the median and 
distal tongue buds. Although the facial nerve is 
lhe nerve of the second branchial arch, its chorda 
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tympani branch supplies the taste buds in the 
anterior two thirds of the tongue, except for the 
vallate papillae. Because the second arch compo- 
nent, the copula, is overgrown by the third arch, 
the facial nerve does not supply any of the mucosa 
of the tongue (Fig. 10-188 and C). The vallate 
papillae in the anterior two thirds of the tongue 
are innervated by the glossopharyngeal nerve of 
the third branchial arch (Fig. 10-18C). The reason 
usually given for this is that the mucosa of the 
posterior third of the tongue is pulled slightly 
forward as the tongue develops. 

The posterior third of the tongue (pharyngeal 
part) is innervated mainly by the glossopharyn- 
geal nerve of the third branchial arch. The supen- 
or laryngeal branch of the vagus nerve of the 
fourth arch supplies a small area of the tongue 
anterior to the epiglottis (Fig. 10-18C). All mus- 
cles of the tongue are supplied by the hypoglossal 
nerve, except for the palatoglossus, which is 
supplied by the vagus. 


CONGENITAL MALFORMATIONS OF 
THE TONGUE 


Congenital Cysts and Fistuiae (Fig. 10- 
16). Cysts within the tongue substance, just 
superior to the hyoid bone, are usually derived 
fromremnants of the thyroglossal duct. They may 
enlarge and produce symptoms of pharyngeal 
discomfort and/or dysphagia (difficulty in swal- 
lowing). 

Fistulae in the tongue are also derived from 
persistence of the thyroglossal duct, and they 
open through the foramen cecum into the 
mouth. 

Ankyioglossia (Tongue-Tie). The frenulum 
normally connects the inferior surface of the 
anterior part of the tongue to the floor of the 
mouth. In tongue-tie, the frenulum extends to 
near the tip of the tonguie and interferes with tts 
free protrusion. This abnormality occurs in about 
one in 300 North American infants (Witkop et al., 
1967). Usually, the frenulum stretches with time 
so that surgical correction of the malformation ts 
rarely necessary (Vaughan et al., 1979). 

Macrogiossia. An excessively large tongue 
is not common and results from generalized hy- 
pertrophy of the tongue. These cases usually 
result from lymphangioma or muscular hypertro- 
phy (Schaffer and Avery, 1977). 

Microglossia. An abnormally small tongue is 
rare and is usually associated with micrognathia 
(underdeveloped mandible with recession of the 
chin). 

Cleft Tongue. Rarely, incomplete fusion of 
the distal tongue buds posteriorly may result in a 
median groove, or cleft of the tongue; usually, the 
cleft does not extend to the tip. 

Bifid Tongue. Complete failure of fusion of 
the distal tongue buds results in a bifid tongue, a 


common malformation in South American infants 
(Witkop et al., 1967). 

The Salivary Glands (Fig. 10-6C), These 
glands begin as solid proliferation of cells 
from the epithelium of the mouth during the 
sixth and seventh weeks. 

The parotid gland develops from buds that 
arise from the ectodermal lining of the sto- 
modeum, or primitive mouth. These buds 
branch to form solid cords with rounded 
ends; fater, these cords develop lumina to 
form ducts, and the rounded ends of the 
cords differentiate into acini. The capsule 
and connective tissue develop from the sur- 
rounding mesenchyme. 

The submandibular glands develop from 
the endoderm in the floor of the mouth. A 
solid cellular process grows backward lateral 
to the tongue; it later branches and differen- 
tiates as described for the parotid gland. 
Lateral to the tongue, a linear groove forms 
that later closes over to form the subman- 
dibular duct. 

The sublingual glands appear slightly later 
than the other glands and develop as multiple 
buds of the endoderm in the paralingual 
sulcus (Fig. 10-6C). 


DEVELOPMENT OF THE FACE 


The five facial primordia appear around 
the stomodeum or primitive mouth early in 
the fourth week (Figs. 10-12 and 10+20A). 

1. The frontonasal prominence (eleva- 
tion), formed by the proliferation of mes- 
enchyme ventral to the forebrain, constitutes 
the cranial boundary of the stomodeum. 

2. The paired maxillary prominences of 
the first branchial arch form the lateral 
boundaries, or sides, of the stomodeum. 

3. The paired mandibular prominences of 
this same arch constitute the caudal bound- 
ary of the stomodeum. 

The mesoderm of the five facial primordia 
is continuous from one prominence to the 
other. There are no internal divisions corre- 
sponding to the grooves demarcating the 
prominences externally. 

The development of the face occurs mainly 
between the fifth and eighth weeks (Fig. 
10-204 to G). The facial proportions develop 


during the fetal period (Fig. 10-20H and /). 


The lower jaw, or mandible, is the first part 
of the face to form. This results from merging 
of the medial ends of the two mandibular 
prominences during the fourth week. 
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Figure 10-20 Diagrams illustrating progressive Stages in the development of the human face. A to £, Fourth 
and fifth weeks. 


lilustration continued on opposite page 


CONSTRUCTION OF jy GS 
FACIAL FEATURES 


“THE DEVELOPMENT OF THE FACE” events are collectively mentioned in the 


Hadith which states: 


The face is not just a single organ or 
structure but it 1s constructed from five 
primordia Fig. 10-20. The face is the most 
important component of the _ general 
appearance of an individual by which he can 
be identified. The following Ayah refers to 
construction of the appearance or shape of the 
individual. 


gee a 
(22545 bs os “13 :) 


“In whatever form (facial features) 
He wanted He put you together”. 
(Surah Al-Infitar, Ayah 8) 


The word “Surah” (43 ) is used in this 
text. In the Prophet’s Hadith and general 
Arabic usage (Sura) is used to indicate the 
facial features. Thus the Ayah can be interpre- 
tted to refer to the appearance of the 
individual in general and to the construction of 
the face in particular. 

The face begins to take human features after 
42 days by formation of bones. These features 
become clearer with the formation of ears, 
eyes, muscles and skin. These developmental 


BY Ea DY Oily OE dubaby J 134 » 
Waray ae Gey layed Sh ig 
Bi SSS IG: SS tyollae 5 lgarl eale 5 

« AWS CA) HU oj edd © si 
( At ho — lie oly) 


“When forty-two nights have 
passed over the Nutfah, Allah 
sends an angel to it, who Shapes it 
(makes its face) and makes its ears, 
eyes, skin, flesh and skeleton. Then 
he says, “O Lord! Is it male of 
female?” And your Lord decides 
what He wishes and the angel 
records it”. 

(Muslem: Kitab Al-Qadar) 


The word Surah has also been used in the 
Hadith. It is obvious that before 42 days all the 
anlage of the structures mentioned in the 
Hadith were present, though morpholo- 
gically not recognisable as human organs. 
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Figure 10-21 Progressive stages in the develop- 
ment of a nasal sac (future nasal cavity) during the 
fourth week, shown in transverse sections through 
the left side of the developing nose. 


AND THE HEAD AND NECK 


By the end of the fourth week, bilateral 
oval-shaped thickenings of the surface ec- 
toderm, called nasal placodes, develop on 
each side of the lower part of the frontonasal 
prominence (Figs. 10-20 and 10-21B). Mes- 
enchyme proliferates at the margins of these 
placodes, producing horseshoe-shaped ele- 
vations, the sides of which are called the 
medial and lateral nasal prominences {eleva- 
tions). The nasal placodes now lie in depres- 
sions called nasal pits (Fig. 10-20C and 
10-21C and D). 

The maxillary prominences enlarge and 
grow rapidly.toward each other and the 
medial nasal prominences (Fig. 10-20D and 
E). Each lateral nasal prominence is sepa- 
rated from the maxillary prominences by a 
cleft, or furrow, called the szasolacrimal 
groove (Fig. 10—-20C and D). By the end of 
the fifth week, the eyes are slightly forward 
on the face, and the external ear has begun to 
develop, By this time, each maxillary prom- 
inence has merged with the lateral nasal 
prominence along the line of the nasolacri- 
mal groove. This establishes a continuity be- 
tween the side of the nose, formed by the lat- 
eral nasal prominence, and the upper cheek 
region, formed by the maxillary prominence, 


The Nasolacrimal Duct and _ Lacrimal 
Sac. Each duct develops from a linear thicken- 
ing of ectoderm that forms in the floor of the 
nasolacrimal groove. The thickening gives rise to 
a solid epithelial cord that separates from the 
ectoderm and sinks into the mesenchyme. Later, 
this cord becomes canalized to form the nasolacri- 
mal duct; its cranial end expands to form the 
lacrimal sac. Eventually, this duct drains into the 
inferior meatus in the lateral wall of the nasal 
cavity. Not uncommonly, the caudal part of this 
duct fails to canalize, resulting in a congenital 
malformation known as atresia of the nasolacri- 
mal duct. Development of the lacrimal glands 1s 
described in Chapter 19. 

During the sixth and seventh weeks, the 
medial nasal prominences merge with each 
other and the maxillary prominences (Fig. 
10-20F and G). When the medial nasal prom- 
inences merge with each other, they form an 
intermaxillary segment (Figs. 10-20H and 
10-22D). This segment gives rise to (1) the 
middle portion, or philtrum, of the upper lip, 
(2) the premaxillary part of the maxilla 
(Figs. 10-22F and 10-248) and its associated 
gingiva (gum), and (3) the primary palate. 

The lateral parts of the upper lip, most of 
the maxilla, and the secondary palate form 
from the maxillary prominences (Figs. 10- 
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20H and / and 10-23). These prominences 
merge laterally with the mandibular promi- 
nences. a 

The primitive lips and cheeks are invaded 
by second branchial arch mesenchyme, 
which gives rise to the facial muscles (Fig. 
10-5 and Table 10-1}. These muscles of 
facial expression are supplied by the facial 
nerve (CN VII), the nerve of the second 
branchial arch (Table 10-1). The mesen- 
chyme of the first pair of branchial arches 
gives rise to the muscles of mastication and a 
few others, all of which are innervated by the 
trigeminal nerves (CN V), which supply the 
first pair of branchial arches. 

The frontonasal prominence forms the 
forehead and the dorsum and the apex of the 
nose, The sides (alae) of the nose are derived 
from the lateral nasal prominences (Fig. 10- 
20H and J). The fleshy nasal septum and the 
philtrum of the upper lip are formed by the 
medial nasal prominences. The maxillary 
prominences form the upper cheek regions 
and most of the upper lip (Fig. 10-20/). The 
mandibular prominences give rise to the 
lower lip, the chin, and the lower cheek 
regions. In addition to the fleshy derivatives 
just described, various bony derivatives are 
formed from the facial prominences (€.g., the 
frontonasal prominences give rise to the 
frontal and nasal bones). 


Until the end of the sixth week, the primitive 
jaws are solid masses of tissue. The lips and 
gingivae (gums) begin to develop when a linear 
thickening of the ectoderm, the labiogingival lam- 
ina (Fig. 10-238), grows into the underlying mes- 
enchyme. Gradually, this lamina largely de- 
gerates, leaving a fabiogingival groove, or lip 
sulcus, between the lips and the gingivae (Fig. 
10-23H), A small area of the labiogingival lamina 
persists in the midline, forming the frenudum, 
which attaches each lip to the gingiva. 

Final development of the face occurs slow- 
ly and results mainly from changes in the 
proportion and relative position of the facial 
components. During the early fetal period, 
the nose is flattened and the mandible is 
underdeveloped (Fig. 10-20H); they obtain 
their characteristic form when facial devel- 
opment is complete (Fig. 10-207). The brain 
enlarges, creating a prominent forehead; the 
eyes move medially, and the external ears 
rise. The smallness of the face at birth results 


from (i) the rudimentary upper and lower - 


jaws, (2) the unerupted teeth, and (3). the 


small size of the nasal cavities and maxillary 
alr sinuses. 


DEVELOPMENT OF THE NASAL 
CAVITIES 


As the face develops, the nasal placodes 
becomes depressed, forming nasal pits (Fig. 
10-21). Growth of the surrounding mesen- 
chyme, forming the medial and lateral nasal 
prominences, causes deepening of the nasal 
pits and formation of primitive nasal sacs 
(Fig. 10-21£). Each nasal sac grows dorso- 
caudally, ventral to the developing brain 
(Fig. 10-25A). At first, these sacs are sepa- 
rated from the oral cavity by the oronasal 
membrane (Fig. 10-254 and B), but this 
membrane soon ruptures, bringing the nasal 
and oral cavities into communication (Fig. 
10-25C). The regions of continuity are the 
primitive choanae, which lie posterior to the 
primary palate. 

After the secondary palate develops, the 
choanae are located at the junction of the 
nasal cavity and the pharynx (Fig. 10-25D). 
When the lateral palatine processes fuse with 
each other and the nasal septum, the oral and 
nasal cavities are again separated (Fig. 10- 
23G). This fusion also results in separation of 
the nasal cavities from each other. 

While these changes are occurring, the 
superior, middle, and inferior conchae devel-. 
op as elevations on the lateral wall of each 
nasal cavity (Figs. 10-23£ and 10-25D). In 
addition, the ectodermal epithelium in the | 
rocf of each nasal cavity becomes special- 
ized as the olfactory epithelium (Fig. 10-26), 
Some cells differentiate into olfactory cells, 
which give origin to fibers that grow into the 
olfactory bulbs of the brain (Figs. 10-23E 
and 10-25 D). | 

The Paranasal Air Sinuses. Some 
paranasal sinuses develop during late fetal 
life; the remainder develop after birth. They 
form as diverticula of the walls of the nasal 
cavities. 

The maxillary sinuses are about 3 to 4mm 
in diameter in the newborn infant, and there 
are only a few small anterior and posterior 
ethmoidal air cells. No frontal or sphenoidal 
sinuses are present.at birth. The maxillary - 
sinuses grow slowly until puberty and are not 


fully developed until all the permanent teeth 


have erupted in eariy adulthood, 
The ethmoidal sinuses are small before the 
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Figure 10-22 Diagrams illustrating development of the upper Jaw and Jip. A, Facial view af a five-week 
embryo. 8 and C, Sketches of horizontal sectians at the levels shown in A. The arrows in C indicate subsequent 
growth of the maxillary and medial nasal praminences toward each other, D to F, Similar sectians of alder 
embryos illustrating the merging af the medial nasal prominences with each ather and their merging with the 
maxillary praminences to farm the upper lip. (Madified from Patten, 1961.) 


age of two years, and they do not beginto The septum between the right and left frontal 
grow rapidly until six to eight years of sinuses is rarely in the median plane. The 
age. Around the age of two years, the two most posterior ethmoidal sinuses grow 
two most anterior ethmoidal sinuses grow into the sphenoid bone at about the age of 
into the frontal bone, forming a frontal sinus two years, forming two sphenoid sinuses, In 
on each side. Usually, the frontal sinuses are adults, the sphenoid sinuses vary greatly in 
visible in radiographs by the seventh year. size. 
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Figure 10-23 A, Sketch of a sagittal sectian of the embryanic head at the end of the sixth week showing the 
median palatine process, or primary palate. B, D, F, and H, Drawings af the roof of the mouth from the sixth to 
twelfth weeks illustrating development of the palate. The broken lines in D and F indicate sites of fusion of the 
palatine processes; the arrows indicate medial and posterior growth of the lateral palatine processes. C, &, and 
G, Drawings of frontal sections of the head illustrating fusion of the lateral palatine processes with each other 
and the nasal septum, and separation of the nasal and oral cavities. 
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Figure 10-24 A, Drawing of a sagittal section of a 20-week fetal head, illustrating the parts of the palate. B, 
The bony palate and alveolar arch of a young adult. The suture between the premaxillary part of the maxilla 
(sometimes called the incisive bone) and the fused palatine processses of the maxillae is usually visible only In 
skulls of young persons. It is not usually visible in the hard palates of most dried skulls because they are often 


from older adults. 


The Vomeronasal Organs (Fig. 10-26). Dur- 
ing the late embryonic period, the epithelium 
invaginates on each side of the nasal septum, 
just superior to the primitive palate, forming a pair 
of diverticula known as the vomeronasal organs 
(of Jacobson). A vomeronasal cartilage develops 
ventral to each diverticulum. The vomeronasal 
organs are 4 to 8 mm long during the sixth fetal 


month, when they are fully developed. At this 
stage, they are lined by neurosensory epithelium 
similar to the olfactory epithelium. A vomerona- 
sal nerve projects to a small accessory olfactory 
bulb. During late fetal life, these organs begin to 
regress and usually disappear completely along 
with their nerves and accessory bulbs. The vo- 
meronasal cartilages are usually the only adult 
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Figure 10-25 Drawings of sagittal sections of the head showing development of the nasal cavities. The 
nasal septum has been removed. A, Five weeks. B, Six weeks, showing breakdown of the oronasal membrane. 
C, Seven weeks, showing the nasal cavity communicating with the oral cavity and development of the olfactory 
epithelium. D, 12 weeks, showing the palate and the lateral wal! of the nasa! cavity. Most of the definitive palate 
is formed by the secondary palate. 
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Figure 10-26 Photomicrograph of a frontai section through the developing mouth and nasal regions of a 22 
mm human embryo of about 54 days (xc.50), (Courtesy of Dr. Kunwar Bhatnagar, Associate Professor of 


Anatomy, University of Louisville, Louisville, Ky.) 


remnants. These narrow strips of cartilage are 
located between the inferior edge of the cartilage 
of the nasal septum and the vomer. 

Remnants of one or both vomeronasal organs 
may persist as cysts that may present wide ori- 
fices opening in the nasal vestibule on each side of 
the nasal septum. The remnants of these organs 


usually remain undetected and asymptomatic, but 
in some cases they have been linked with various 
pathological conditions (Gabriele, 1967). Afavistic 
remnants in man, the vomeronasal organs are well 
developed in mammals and are considered to be 
olfactory chemoreceptor organs that aid the sense 
of smell, reproduction, and feeding. 








206 


DEVELOPMENT OF THE PALATE 


The palate develops from two primordia: 
the primary palate and the secondary palate. 
Although palatogenesis begins toward the 
end of the fifth week, fusion of the palate’s 
parts is not complete until about the twelfth 
week. 

The Primary Palate (Figs. 10-22, 10-23, 
10-24, and 10-25). The primary palate, or 
median palatine process, develops at the end 
of the fifth week from the innermost part of 
the intermaxillary segment of the maxilla. 
This segment, formed by merging of the 
medial nasal prominences, forms a wedge- 
shaped mass of mesoderm between the inter- 
nal surfaces of the maxillary prominences of 
the developing maxillae. 

The primary palate becomes the premax- 
illary part of the maxilla (Fig. 10-24B), 
which contains the incisor teeth. The prima- 
ry palate gives rise to only a very small part 
of the adult hard palate (i.e., the small part 
anterior to the incisive foramen). 

The Secondary Palate (Figs. 10-23, 10- 
24, 10-25, and 10-26). The secondary pal- 
ate is the primordium of the hard and soft 
palates, extending from the region of the 
incisive foramen posteriorly. The secondary 
palate develops from two horizontal meso- 
dermal projections that extend from the in- 
ternal aspects of the maxillary prominences, 
called the /ateral palatine processes. These 
Shelf-like structures, often called palatine 
Shelves, initially project downward on each 
side of the tongue (Fig. i0-23C). As the jaws 
and the neck develop, the tongue moves 
downward. As palatogenesis proceeds, the 
lateral palatine processes elongate and begin 
to move to a horizontal position superior to 
the tongue during the seventh week. The 
lateral palatine processes approach each 
other and fuse in the midline (Fig. 10-23F). 
They also fuse with the primary palate and 
the nasal septum. 

The nasal septum develops as a down- 
growth from the merged medial nasal promi- 
nences (Fig. 10-23D to A). The fusion be- 
tween the nasal septum and the palatine 
processes begins anteriorly during the ninth 
week and is completed posteriorly in the 
region of the uvula by the twelfth week. 
Bone gradually develops in the primary 
palate, forming the premaxillary part of the 
maxilla, which carries the incisor teeth (Fig. 
10-248). Concurrently, bone extends from 
the maxillae and palatine bones into the 
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lateral palatine processes to form the Aard 
palate (Figs. 10-23G and {0-24B). The pos- 
terior portions of the lateral palatine process- 
es do not become ossified but extend beyond 
the nasal septum and fuse to form the soft 
palate and uvula (Fig. 10-23D, F, and #). 
The palatine raphe permanently indicates 
the line of fusion of the lateral palatine 
processes (Fig. 10-2377). 


A small nasopalatine canal persists in the mid- 
line of the palate between the premaxillary part of 
the maxilla and the palatine processes of the 
maxillae. Although eventually this canal is almost 
obliterated, it is represented in the adult hard 
palate by the incisive foramen (Fig. 10-24B). An 
irregular suture runs from the incisive foramen to 
the alveolar process between the lateral incisor 
and canine teeth on each side. The incisive fora- 
men serves as a landmark between the primary 
and secondary palates. 


CLEFT LIP AND CLEFT PALATE 


Clefts of the upper lip and the palate are 
common and are especially conspicuous be- 
cause they cause abnormalities of facial ap- 
pearance and speech, There are two major 
sroups of cleft lip and palate: 

1. Clefts invelving the upper lip and the 
anterior part of the maxilla, with or without 
involvement of parts of the remaining hard 
and soft regions of the palate; and 

2. Clefts involving the hard and soft re- 
gions of the palate. 

The term complete cleft indicates the max- 
imum degree of clefting. of any particular 
type; for example, a complete cleft of the 
posterior palate is a malformation in which 
the cleft extends through the soft palate and 
anteriorly to the incisive foramen. 

The incisive foramen (Fig. 10-24B) serves 
as a landmark for distinguishing anterior 
from posterior cleft malformations. Anterior 
cleft malformations include cleft lip, with or 
without cleft of the alveolar part of the 
maxilla. A complete anterior cleft malforma- 
tion is one in which the cleft extends through 
the lip and the alveolar part of the maxilla to 
the incisive foramen, separating the primary 
and secondary palates. Posterior cleft mal- 
formations include clefts of the secondary, 
or posterior, palate that extend through the 
soft palate and the hard palate to the incisive 
foramen, separating the secondary palate 
from the primary palate. 

Anterior and posterior cleft malformations 
are embryologically distinct. Anterior cleft 
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lip’; this is an inappropriate term because the hare’s lip is divided in the midline. A and B, Unilateral cleft lip. 
The cleft in B is incomplete; the arrow indicates a band of tissue (Simonart’s band} connecting the perts of the 
lip. C end D, Bilateral cleft lip. (Courtesy of Dr. D. A. Kernahan, The Children's Memorial Hospital, Chicago.) 


malformations are caused by defective de- 
velopment of the primary palate and result 
from a deficiency of mesenchyme in the 
maxillary prominence(s) and the intermaxil- 
lary segment. Posterior cleft malformations 
are caused by defective development of the 
secondary palate and resuit from growth 
distortions of the lateral palatine processes, 
which prevent their fusicn. 

Cleft Lip (Figs. 10-27 and 10-28). Clefits 
involving the upper lip, with or without cleft 
palate, occur about once in 1000 births, but 
their frequency varies widely among ethnic 
groups (Thompson and Thompson, 1980). 
About 60 to 80 per cent of affected infants 
are males. The clefts vary from small 
notches of the vermilion border of the lip to 
larger divisions that extend into the floor of 
the nostril and through the alveolar part of 
the maxilla. Cleft lip can be either unilateral 
or bilateral. 

Unilateral cleft lip results from failure of 
the maxillary prominence on the affected 


side to unite with the merged medial nasal 
prominences (Fig. 10-28C to #). This is the 
consequence of failure of the mesenchymal 
masses to merge and the mesenchyme to 
proliferate and push out the overlying epithe- 
lium (Fig. 10-28D). The result is a persistent 
labial groove (Fig. 10-28C). In addition, the 
epithelium in the labial groove becomes 
Stretched, and then breakdown of tissues in 
the floor of the persistent groove leads to 
division of the lip into medial and lateral 
parts (Figs. 10-27A and 10-28G and #). 
Sometimes, a bridge of tissue called Simon- 
art’s band joins the parts of the incomplete 
cleft lip (Fig. 10~27B). 

Bilateral cleft lip results from failure of the 
mesenchymal masses of the maxillary promi- 
nences to meet and unite with the merged 
medial nasal prominences. The epithelium in 
both labial grooves becomes stretched and 
breaks down. In bilateral cases, the defects 
may be similar or dissimilar, with varying 
degrees of defect on each side. In complete 
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Figure 10-28 Drawings illustrating the embryologica! basis of compiete unilateral cleft lip. A, Five-week 
embryo. 8, Horizontal section through the head, illustrating the grooves between the maxillary prominences 
and the merging medial nasai prominences. C, Six-week embryo, showing a persistent labial groove on the left 
side. D, Horizontal section through the head, showing the groove gradually filling in on the right side because 
of proliferation of the mesenchyme (arrows). E, Seven-week embryo. F, Horizontal section through the head, 
showing that the epithelium on the right has almast been pushed out of the groove between the maxillary 
prominence and medial nasal prominence. G, 10-week fetus with a complete unilateral cleft lip. H, Horizontal 
section through the head after stretching of the epithelium and breakdown of the tissues in the floor of the 
persistent labial groove on the left side, forming a complete unilateral cleft lip. 
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Figure 10-29 Drawings of various types of cleft lip and cleft pafate. A, Normal lip and palate. B, Cleft uvula. 
C, Unilateral cleft of the posterior or secondary palate. D, Bilateral cleft of the posterior palate. FE, Complete 
unilateral cleft of the lip and alveolar process with a unilateral cleft of the anterior or primary palate. F, 
Complete bilateral cleft of the iip and alveolar process with bilateral cleft of the anterior palate. G, Complete 
bilateral cleft of the tip and alveolar process with bilateral cleft of the anterior palate and unilateral cleft of the 
posterior palate. H, Complete bilateral cleft of the lip and alveolar process with complete bilateral cleft of the 


anterior and posterior palate. Although not illustrated here, cleft lip may occur without cleft palate (see Fig. 10— 
27A}. 
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bilateral cleft of the upper lip and alveoiar 
processes, the intermaxillary segment hangs 
free and projects anteriorly (Figs. 10-27C 
and 10-308). Such defects are especially 
deforming because of the loss of continuity 
of the orbicularis oris muscle, which closes 
the mouth and purses the lips as in whis- 
tling. 

Median Cleft Lip (Fig. 10-31A). This ex- 
tremely rare defect of the upper lip is caused by 
mesodermal deficiency, which results in partial or 
complete failure of the medial nasal prominences 
to merge and form the intermaxillary segment. A 
midline cleft of the upper lip is a characteristic 
feature of the Mohr syndrome, which is transmit- 
ted as an autosomal recessive trait (Goodman and 
Gorlin, 1970). Median cleft of the lower lip (Fig. 
10-318) is also very rare and is caused by failure 
of the mesenchymal masses of the mandibular 
prominences to meet and merge completely. 

Cieft Paiate (Figs. 10-29 and 10- 
30). Cleft palate, with or without cleft lip, 
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Figure 10-30 Photographs illustrating congenital malformations of the lip 


occurs about once In 2500 births and is more 
common in females than in males. The cleft 
may involve only the uvula, giving it a fish- 
tail appearance (Fig. 10-298), or it may 
extend through the soft and hard palates 
(Figs. 10-29C and D and 10-30C and D). In 
severe cases associated with cleft lip, the 
cleft in the palate extends through the ai- 
veolar process and lip on both sides (Figs. 
10-29G and H and 10-308). 

The embryological basis of cleft palate is 
failure of the mesenchymal masses of the 
lateral palatine processes to meet and fuse 
with each other, with the nasal septum, 
and/or with the posterior margin of the me- 
dian palatine process, or primary palate (Fig. 
10-29). Such clefts may be unilateral or 
bilateral and are classified into three 


STOUpSs: 
i. Clefts of the anterior, or primary, pal- 
ate, 1.e., clefts anterior to the incisive fora- 
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and palate. A, Complete 


unilateral cleft of the lip and alveolar process. B, Complete bilateral cleft of the lip and alveoiar process with 
bilateral cleft of the anterior palate. C and D, Bilateral cleft of the posterior or secondary palate; the lip is 
normal (Courtesy of Dr. Harry Medovy, Children’s Centre, Winnipeg, Canada.) 
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Figure 10-31 Drawings of rare congenital malformations of the face. A, Median cleft of the upper lip. 8, 
Median cleft of the lower lip. C, Bilateral oblique facial clefts with complete bilateral cleft lip. 0, Macrostomia or 
iateral facial cleft. E, Single nostril and microstomia; these maiformations are not usually associated. F, Bifld 


nose and incomplete median cleft lip. 


men resulting from failure of the mesenchy- 
mal masses of the lateral palatine processes 
to meet and fuse with the mesenchyme of the 
primary palate (Fig. 10-29F and F). 

2. Clefts of the anterior and posterior pal- 
ate, i.e., clefts involving both the primary 
and secondary palates, resulting from the 
failure of the mesenchymai masses of the 
lateral palatine processes to meet and fuse 
with the mesenchyme of the primary palate, 
with each other, and with the nasal septum 
(Fig. 10-29G and #7). 

3. Clefts of the posterior, or secondary, 
palate, i.e., clefts posterior to the incisive 
foramen, resulting from failure of the mes- 
enchymal masses of the lateral palatine proc- 
esses to meet and fuse with each other and 
with the nasal septum (Fig. 10-298 to D). 

Causes of Cleft Lip and Cleft Pal- 
ate. The great majority of cases of cleft lip 
and cleft palate are determined by multiple 
factors, genetic and possibly also nongenet- 
ic, each causing only a minor developmental 
defect. This is called multifactorial inheri- 


tance. These factors seem to operate by 
influencing the amount of neural crest mes- 
enchyme that migrates into the embryonic 
facial primordia (Ross and Johnston, 1972). 
If this amount is insufficient, clefting of the 
lip and/or palate occurs. Some clefts of the 
lip and/or palate appear as part of syndromes 
determined by single mutant genes (Fraser, 
1980, and Thompson and Thompson, 1980). 
Other cases are parts of chromosomal syn- 
dromes, especially trisomy 13 (see Fig. 8-6). 
A few cases of cleft lip and/or palate appear 
to have been caused by teratogenic agents 
(e.g., anticonvulsant drugs; Hanson, 1980). 
Studies of twins indicate that genetic fac- 
tors are of more importance in cleft lip, with 
or without cleft palate, than in cleft palate 
alone. A sibling of a child with a cleft palate 
has an elevated risk of having a cleft palate, 
but no increased risk of having a cleft lip. 
Clefts of the lip and alveolar process that 
continue through the palate are usually trans- 
mitted through a male sex-linked gene 
(Matthews, 1971). When neither parent is 
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affected, the recurrence risk in subsequent 
siblings (brother or sister) is about 4 per cent. 
For further examples of recurrence risks, see 
Thompson and Thompson (1980). 

The fact that the palatine processes fuse 
about a week later in females (Burdi, 1969) 
may explain why isolated cleft palate is more 
common in females than in males (e.g., 
among Japanese, they occur in 0.63 per 1000 
live births, and, of those, 34 per cent are in 
males and 66 per cent in females; Witkop et 
al., 1967). 


Facial Clefts. Various types of facial cleft 
may occur, but they are all extremely rare. Severe 
clefts are usually associated with gross malforma- 
tions of the head. In median clefi of the mandible 
(Fig. 10-318), there is a deep clefi resulting from 
failure of the mesenchymal masses of the mandib- 
ular prominences of the first branchial arch to 
merge completely with each other. Oblique facial 
clefts (orbitofacial fissures) are often bilateral and 
extend from the upper lip to the medial margin of 
the orbit (Fig. 10-31C). When this occurs, the 
nasolacrimal ducts are open grooves (persistent 
nasolacrimal grooves). Oblique facial clefts asso- 
ciated with cleft lip result from failure of the 
mesenchymal masses of the maxillary promi- 
nences to merge with the lateral and medial nasal 
prominences. Lateral, or transverse, facial clefts 
run from the mouth toward the ear; bilateral clefts 
result in a very large mouth, a condition called 
macrostomia (Fig. 10-31D). This abnormality re- 
Sults from fatlure of the lateral mesenchymal 
masses of the maxillary and mandibular promi- 
nences to merge. In severe cases, the cheek is 
cleft almost to the ear. 

Other Faclal Malformations. Congenital mi- 
crostomia (small mouth) results from excessive 
merging of the mesenchymal masses of the maxil- 
lary and mandibular prominences of the first arch 
(Fig. 10-31£). In severe cases, the abnormality 
may be associated with underdevelopment (hy po- 
plasia) of the mandible. Absence of the nose 
occurs when no naSal placodes form. A single 
nostril results when only One nasal placode forms 
(Fig. 10-31£). Bifid nese results when the medial 
nasal prominences do not merge completely; the 
nostrils are widely separated and the nasal bridge 
is bifid (Fig. 10-3 1F). In mild forms a small groove 
is present in the tip of the nose. 


SUMMARY 


During the fourth and fifth weeks, the 
primitive pharynx is bounded laterally by 
distinctive bar-like branchial arches. Each 
arch consists of a core of mesenchymal 
tissue covered externally by surface ecto- 
derm and internally by endoderm. The mes- 


THE BRANCHIAL APPARATUS AND THE HEAD AND NECK 


enchymal core also contains numerous cra- 
nial neural crest cells that migrate into the 
branchial arches. Each branchial arch also 
contains an artery, a cartilage bar, a nerve, 
and a muscular component. Externally, be- 
tween the arches, are branchial grooves. 
Internally, between the arches are exten- 
sions of the pharynx called pharyngeal 
pouches. The ectoderm of each branchial 
groove contacts the endoderm of each pha- 
ryngeal pouch, thus forming branchial mem- 
branes. The pharyngeal pouches and the 
branchial arches, grooves, and membranes 
make up the branchial apparatus, which 
contributes greatly to the formation of the 
head and neck. 

Development of the tongue, the face, the 
lips, the jaws, the palate, the pharynx, and 
the neck largely involves transformation of 
the branchial apparatus into adult structures. 
The derivatives of the various branchial arch 
components are summarized in Table 10-1, 
and the adult derivatives of the pharyngeal 
pouches are illustrated in Figure 10-7. The 
branchial grooves disappear except for the 
first, which persists as the external acoustic 
meatus, The branchial membranes also dis- 
appear, except for the first, which becomes 
the tympanic membrane. The pharyngeal 
pouches give rise to the tympanic cavity and 
the mastoid antrum, the auditory tube, the 
palatine tonsil, the thymus, and the parathy- 
roid glands. 

The thyroid gland develops from a down- 
growth from the floor of the pharynx in the 
region where the tongue develops. The para- 
follicular cells in the thyroid gland are 
derived from the ultimobranchial bodies, 
formed mainly by the fourth pair of pharyn- 
geal pouches. 

Most congenital malformations of the head 
and the neck originate during transformation 
of the branchial apparatus into adult struc- 
tures. Branchial cysts, sinuses, or fistulas 
may develop from parts of the second bran- 
chial groove, the cervical sinus, or the sec- 
ond pharyngeal pouch that fail to obliterate. 
An ectopic thyroid gland results when the 
thyroid gland fails to descend completely 
from its site of origin in the tongue. The 
thyroglossal duct may persist, or remnants of 
it may give rise to thyroglossal duct cysts; 
these cysts, if infected, may form thyroglos- 
sal duct sinuses that open in the midline of 
the neck. 

Because of the complicated development 
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of the face and palate, congenital malforma- 
tions resulting from an arrest of development 
and/or a failure of fusion of the prominences 
and processes involved in the development 
of the face and palate are not uncommon. 

Cleft lip is the most common congenital 
abnormality of the face. Although cleft lip 1s 
frequently associated with cleft palate, cleft 
lip and cleft palate are etiologically distinct 
malformations that involve different develop- 
mental processes occurring at different times. 
Cleft lip results from failure of the mesenchy- 
mal masses of the medial nasal and the 
maxillary prominences to merge, whereas 
cleft palate results from failure of the 
mesenchymal masses of the palatine proc- 
esses to fuse. 

The great majority of cases of cleft lip, 
with or without cleft palate, are caused by a 
combination of genetic and environmental 
factors (multifactorial inheritance). These 
factors appear to act by influencing the 
amount of neural crest mesenchyme that 
develops in the maxillary prominences of the 
first branchial arch. If this amount 1s insufft- 
cient, clefting of the lip and/or palate 
occurs. 


SUGGESTIONS FOR ADDITIONAL 
READING 


Bernstein, L.: Congenital malformations of the mouth 
and face; in C. F. Ferguson and £. L. Kendig, Jr. 
{Eds.): Disorders of the Respiratory Tract in Chil- 
dren. Vol. H. Pediatric Otolaryngology. 2nd ed. Phil- 
adeiphia, W. B. Saunders Co., 1972, pp. 1024-1036. A 
good account of congenital malformations involving 
the mouth and face. Clinical photographs and treat- 
ments are described. 

Jaffee, B. F.: The branchial arches; normal develop- 
ment and abnormalities; in C. F. Ferguson and E. L. 
Kendig, Jr. (Eds.)}: Disorders of the Respiratory Tract 
in Children. Vol. Wf. Pediatric Otolaryngology. 2nd 
ed. Philadelphia, W. B. Saunders Co., 1972, pp. 
1118-1125. Clinical presentations of branchial sinuses 
and cysts, of thyroglossai duct sinuses and cysts, and 
of other malformations of the pharynx. Good clinical 
photographs are included. 

Pratt, R. M., and Christiansen, R. L. (Eds.): Current 
Research Trends in Prenatal Craniofacial Develop- 
ment. New York, Elsevier North-Holland, 1980. This 
book represents the proceedings of a conference held 
at the National Institute of Health in Bethesda, Mary- 
land. There are 24 papers on recent and productive 
areas of prenatal craniofacial development, normal 
and abnormal. 

Ross, R. B., and Johnston, M. C.: Cleft Lip and Palate. 
Ballimore, The Williams & Wilkins Co., 1972. A 
broad-based general text giving a comprehensive 
analysis of basic cleft lip and cleft palate problems, as 
well as an analysis of clinical procedures. 


CLINICALLY ORIENTED PROBLEMS 


. Atwo-year-old boy had had an intermittent discharge of mucoid material from 
a small opening in the side of his neck, but the discharge had stopped a week 
ago. There was extensive redness and swelling in the inferior third of the neck, 
anterior to the sternocleidomastoid muscle. What is the probable embryologi- 
cal basis of the intermittent discharge? 

. During a partial, or subtotal, thyroidectomy, a surgeon could locate only one 
inferior parathyroid gland. Where might the other one be located? What is the 
embryological basis for this condition? 

. A young woman consulted her doctor about a midline swelling in her neck, 
just inferior to her hyoid bone. What kind of a cyst might be present? Discuss 


its embryological basis. 


. Amale infant was born with a unilateral cleft lip extending into the floor of the 
nose and through the alveolar part of the maxilla, Neither parent had cleft lip 
or cleft palate. Is this malformation more common in males? What is the 
chance that the next child will have a cleft lip? 

. An epileptic mother who was treated with anticonvulsant drugs during 
pregnancy gave birth to a child with cleft lip and cleft palate. Is there any 
evidence indicating that these drugs increase the incidence of cleft lip and 
cleft palate? Discuss the respective etiologies of these two malformations. 


The answers to these questions are given at the back of the book. 
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THE RESPIRATORY 


The lower respiratory system begins to 
form during stage 12 of development (26 to 
27 days) and is first indicated by a median 
laryngotracheal groove in the caudal end of 
the ventral wall of the pharynx, the primitive 
Pharyngeal floor (Fig. 11-1). This groove 
produces a ridge on the external surface of 
the primitive pharynx. 

The endoderm lining the laryngotracheal 
groove gives rise to the epitheltum and 
glands of the larynx, the trachea, and the 
bronchi and to the pulmonary lining epitheli- 
um. The connective tissue, the cartilage, and 
the smooth muscle of these structures devel- 
op from splanchnic mesenchyme surround- 
ing the foregut (Fig. 11-4). 

The laryngotracheal groove deepens and 
the external ridge expands to form a laryngo- 
tracheal diverticulum ventral to the primitive 
pharynx (Fig. 11-24). As this diverticulum 
grows Ventrocaudaily from the pharyngeal 
floor, it is invested with splanchnic mesen- 
chyme. 

The laryngotracheal diverticulum soon be- 
comes separated from the foregut by longi- 
tudinal ridges called tracheoesophageal 
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SYSTEM 


folds (Fig. 11-2D). These folds soon fuse to 
form a partition, known as the tracheoesoph- 
ageal septum (Fig. 11-2), which divides the 
foregut into a ventral portion, the /aryngo- 
tracheal tube (primordium of the larynx, the 
trachea, and the lungs), and a dorsal portion, 
the esophagus (Fig. 11—2F). 

The laryngotracheal tube opens into the 
pharynx. Its opening becomes the /aryngeal 
aditus, the entrance to the vestibule of the 
larynx. The laryngotracheal tube and the 
surrounding splanchnic mesenchyme give 
rise to the larynx, the trachea, the bronchi, 
and the lungs (Fig, 11-3, 11-4, and 11-5). 

Development of most of the upper respira- 
tory system (the nose, the nasopharynx, and 
the oropharynx) is described in Chapter 10. 


DEVELOPMENT OF THE LARYNX 


The larynx develops from the endodermal 
lining of the cranial end of the laryngo- 
tracheal tube and from the surrounding me- 
senchyme derived from the fourth and sixth 
pairs of branchial arches (Fig. 11-3A). This 
mesenchyme proliferates rapidly at the cra- 
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Figure 11-1 A, Diagrammatic sagiital section of the cranial half of an embryo during stage 12 of develop- 
ment (about 26 days) showing lhe laryngotracheal groove. 8, Horizonta! section at the level shown in A, 
illustrating the floor of the primitive pharynx and the location of the laryngotracheal groove. The opening into 
the laryngotracheal groove represents Lhe future inlel of the larynx. 
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Figure 11-2 Successive stages of development of the tracheoesophageal septum during the fourth week, 
A, 8, and C, Lateral views of the caudal part of the primitive pharynx illustrating partitioning of the foregut Into 
the esophagus and the laryngotracheal tube. D, E, and F, Transverse sections illustrating development of the 
tracheoesophageal septum and separation of the foregut into the faryngotrachea! tube and the esophagus. 


nial end of the laryngotracheal tube, produc- in a temporary occlusion of the laryngeal 
ing paired arytenoid swellings (Fig. 11-38). | lumen. Recanalization occurs by the tenth 
These swellings convert the slit-like aper- week. During this process, the laryngeal 
ture, or primitive glottis, into a T-shaped ventricles form. These recesses are bounded 
opening, and they reduce the developing by folds of mucous membranes that become 
laryngeal lumen to a narrow slit. The laryn- the vocal folds and the vestibular folds. 
geal epithelium proliferates rapidly, resulting | Laryngeal cartilages develop within the ary- 
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Figure 11-3 Drawings illustrating successive stages of development of the larynx. A, 4 weeks. 8, 5 weeks, 
C, 6 weeks, D, 10 weeks. The internal lining of larynx is of endodermal origin. The cartilages and muscies of the 
larynx arise from the mesenchyme of the fourth and sixth pair of branchial! arches. Note that the laryngeal inlet, 
or aditus, changes in shape from a slit-like opening into a T-shaped inlet as the mesenchyme proliferates. 
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tenoid swellings from the cartilages of the 


branchial arches (see Table 10-1). The epi- 
glottis develops from the caudal part of the 
hypobranchial eminence, a derivative of the 
third and fourth branchial arches (Fig. 11-3B 
to D), 

The laryngeal muscles develop from mus- 
cle elements in the fourth and sixth branchial 
arches and are therefore innervated by the 
laryngeal branches of the vagus nerves that 
supply thase arches (see Table 10-1). Per- 


sons desiring a detailed description of tbe. 


development of the larynx shauld consult 
Hast (1976) and/or Crelin (1976). 


Laryngeal Web. This rare malformation re- 
sults from incomplete recanalization of the Jarynx 
during the tenth week, A membranous web forms 
at the level of the vocal fotds, partiatly obstruct- 
ing the airways. - 


DEVELOPMENT OF THE TRACHEA 


The laryngotracheal tube distal to the lar- 
ynx gives rise to the trachea and the lung 
buds. The endodermal lining of the segment 
of the laryngotracheal tube between the de- 


splanchnic 
mesenchyme 
of laryngo- 
tracheal tube 





endaderm 


epithelium 







cartiloge 


es  ~~contetive 
_ tissue 


“<> smaath muscle 
~cartilage 


Bh ~ glands 
Gc 8 


| | | epithelium 

Figure 11-4 Drawings of transverse sections 
through the laryngotracheal tube illustrating pro- 
gressive stages of development of the trachea. A, 4 
weeks. 8, 10 weeks. C, 11 weeks. 
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Figure 11-5 Sketches illustrating the four main 
varieties of tracheoesophageal fistula. Possible direc- 
tion(s) of flow of contents is indicated by arrows. 
Esophageal atresia, as illustrated in A, occurs in 
about 90 per cent of cases. The abdomen rapidly 
becomes distended as the intestines fill with air, InC, 
air cannot enter the lower esophagus and the stom- 
ach. 


veloping larynx and the lung buds gives rise 
to the epithelium and the glands of the tra- 
chea. The cartilage, the connective tissue, 
and the muscle are derived fram the sur- 
rounding splanchnic mesenchyme (Fig. 11- 


4). 
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Tracheosophageal Fistula (Fig. 11-5). 
A communication, or fistula, connecting the 
trachea and the esophagus occurs about 
once in every 2500 births; most infants af- 
fected are males. Tracheoesophageal fistula 
is usually associated with esophageal atre- 
sia; in all cases, there is an abnormal com- 
munication between the trachea and the 
esophagus. 

Tracheoesophageal fistula results from in- 
complete division of the foregut into respira- 
tory and digestive portions during the fourth 
and fifth weeks. Incomplete fusion of the 
tracheoesophageal folds results in a defec- 
tive tracheoesophageal septum, leaving a 
communication between the trachea and the 
esophagus. There are four main varieties of 
tracheoesophageal fistula. The most com- 
mon abnormality is for the upper portion of 
the esophagus to end blindly (esophageal 
atresia) and for the lower portion to join the 
trachea near its bifurcation (Fig. 11-5SA). 
Other varieties of this malformation are illus- 
trated in Fig. 11-58 to D. 

Infants with esophageal atresia and tracheo- 
esophageal fistula (Fig. 11-54) cough and 
choke on swallowing owing to excessive 
amounts of saliva accumulating in the mouth 
and the upper respiratory tract. When the 
infant swallows milk and saliva, they rapidly 
fill the esophageal pouch and are regurgitat- 
ed. They then pass into the trachea, resulting 
in gagging, coughing, and respiratory dis- 
tress. 

Gastric contents may also reflux through 
the fistula into the trachea and the lungs from 
the stomach. This may result in pneumonia 
or pneumonitis (inflammation of the lungs). 

An excess of amniotic fluid (polyhydram- 
nios) may be associated with esophageal 
atresia and tracheoesophageal fistula (Fig. 
11-5A), because amniotic fluid may not pass 
to the stomach and intestines for absorption 
and subsequent placental transfer to the 
mother’s blood for disposal. 


Tracheal Stenosis and Atresia. Narrow- 
ing, or stenosis, and closure, or atresia, of the 
trachea are rare malformations and are usuaily 
associated with one of the varieties of tracheo- 
esophageal fistula (Fig. 11-5}. Stenoses and atre- 
sias probably result from unequal partitioning of 
the foregut into the esophagus and the trachea. 

Tracheal Diverticulum. This rare deformity 
consists of a blind, bronchus-like projection from 
the trachea. Such a diverticulum may terminate in 
normal-appearing lung tissue, forming a so-called 
tracheal lobe. 


DEVELOPMENT OF THE BRONCHI AND 
THE LUNGS 


A lung bud develops at the caudal end of 
the laryngotracheal tube (Fig. 11-64) and 
soon divides into two knob-like bronchial 
buds (Fig. 11-6B). These endodermal buds, 
together with the surrounding splanchnic 
mesenchyme, differentiate into the bronchi 
and their ramifications in the lungs. 

Early in the fifth week, each bronchial bud 
enlarges to form a primitive primary bron- 
chus (Fig. 11-6E). The embryonic right bron- 
chus is slightly larger than the left one and 1s 
oriented more vertically; this embryonic re- 
lationship persists, and consequently a 
foreign body is more liable to enter the right 
primary bronchus than the left. 

During the fifth week, the endodermal lung 
buds grow laterally into the medial walls of 
the pericardioperitoneal canals, or primitive 
pleural cavities (Fig. 11-7A). Concurrently, 
the primary bronchi subdivide into second- 
ary bronchi (Fig. 11-6F). On the right, the 
superior secondary bronchus will supply the 
superior lobe of the lung, whereas the in- 
ferior secondary bronchus soon subdivides 
into two bronchi, one to the middle lobe of 
the right lung and the other to the inferior 
lobe (Fig. 1!1-6G). On the left, the two sec- 
ondary bronchi supply the superior and in- 
ferior lobes of the lung. 

Each secondary bronchus subsequently — 
undergoes progressive dichotomous branch- 
ing; that is, each branch bifurcates repeated- 
ly into branches. Tertiary (segmental) bron- 
chi, 10 in the right lung and 8 or 9 in the left, 
‘begin to form by the seventh week (Crelin, 
1975). As this occurs, the surrounding me- 
senchymal tissue divides (Fig. 11-6G), Each 
tertiary (segmental) bronchus with its sur- 
rounding mass of mesenchyme will form a 
bronchopulmonary segment. By 24 weeks, 
about 17 orders of branches have formed 
and the respiratory bronchioles are present 
(Fig. 11-8A). An additional seven orders of 
airways develop after birth. 

As the bronchi develop, cartilaginous 
rings, or plates, develop from the surround- 
ing mesenchyme. This splanchnic mesen- 
chyme also gives rise to the bronchial 
smooth musculature and connective tissue 
and to the pulmonary connective tissue and 
capillaries. 

As the lungs develop, they acquire a layer 
of visceral pleura from the splanchnic me- 
senchyme (Fig. 11-7B). With expansion, the 
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Figure 11-6 Drawings of ventral views illustrating successive stages in the development of the bronchi and 
the lungs. A to C, 4 weeks. D and E, 5 weeks, F, 6 weeks. G, 8 weeks. 
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Figure 11-7 Diagrams illustrating the 
growth of the developing lungs into the 
splanchnic mesenchyme of the medial walls 
of the pericardioperitoneal canals (primitive 
Pleural cavities), and the development of the 
layers of the pleura. A, 5 weeks. 8, 6 weeks. 
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Figure 11-8 Diagrammatic sketches of sections 
iiiustrating progressive stages of lung development. 
A, Late canalicular period (about 24 weeks). B, Early 
terminal sac period (about 26 weeks). C, Newborn 
infant. Early alveolar period. Note the thin alveoloca- 
pillary membrane. Note also that some of the capil- 
laries have begun to bulge into the terminal sacs 


(future alveoli). 
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Figure 11-9 Sections of lungs et various stages 
of development, showing the changing appeerance 
of the lung tissue. A,, Pseudogiandular period: 5 to 
17 weeks. 8, Canalicular period: 16 to 25 weeks. C, 
Terminal sac period: 24 weeks to birth (From Reld, 
L.: The Pethology of Emphysema, 1967. Courtesy of 
Lloyd-Luke [Medicel Books] Ltd.) 


lungs and the pleural cavities grow caudally 
into the mesenchyme of the body wall and 
soon come to lie close to the heart (see Fig, 
9-5). The thoracic body wall becomes lined 
by a layer of parietal pleura, derived from 
the somatic mesoderm (Fig. 11-72). 

Lung development is divided into four 
stages: 

1. The Pseudoglandular Period (5 to 17 
weeks). During this period, the developing 
lung somewhat resembles a gland (Fig. 11i- 
94) because the bronchial divisions are dif- 
ferentiating into the air-conducting system. 
By 17 weeks, all major elements of the lung 
have formed except those involved with gas 
exchange. Respiration is not possible during 
this period. 

2. The Canalicular Period (16 to 25 
weeks). ‘This period overlaps the pseudo- 
glandular period because cranial segments of 
the lungs mature faster than caudal ones. 
During the canalicular period (Figs. 11-8A 
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and 98), the lumina of the bronchi and bron- 
chioles become much larger, and the lung 
tissue becomes highly vascular. By 24 
weeks, each terminal bronchiole has given 
rise to two or more respiratory bronchioles 
(Fig. 11-84). Respiration is possible toward 
the end of this period because some thin- 
walled saccules, called terminal sacs (primt- 
tive alveoli}, have developed at the ends of 
the respiratory bronchioles, and these re- 
gions are well vascularized. 

3. The Terminal Sac Period (24 weeks 
to birth). During this period, many more 
terminal sacs develop (Fig. 11-8C and 11~- 
9C), and the epithelium of the terminal sacs 
becomes very thin. Capillaries begin to bulge 
into the sacs (Fig. 11-88 and C). The termin- 
al sacs are lined by continuous flattened 
epithelial cells of endodermal origin, known 
as type I alveolar epithelial cells. The capil- 
lary network proliferates rapidly in the me- 
senchyme around the developing alveoli, and 
there is concurrent active development of 
lymphatic capillaries (Fig. 11-84 and B). 

By 25 to 28 weeks, the fetus usually 
weighs about 1000 gm and sufficient terminal 
Sacs are present to permit survival of a 
prematurely born infant. Before this, the 
lungs are usually incapable of providing ade- 
quate gas exchange, partly because the al- 
veolar surface area is insufficient and the 
vascularity underdeveloped. /t is not the 
presence of @ thin alveolar epithelium so 
much as the development of an adequate 
pulmonary vasculature that is critical to the 
survival of premature infants. 

4. The Ajiveolar Period (late fetal 
period to about eight years). The epithe- 
lial lining of the terminal sacs attenuates to 
an extremely thin squamous epithelial layer. 
The type L alveolar cells become so thin that 
the underlying capillaries bulge into the 
space of each terminal sac (Fig. 11-8C). By 
the late fetal period, the lungs are capable of 
respiration because the alveolocapillary (re- 
spiratory) membrane is sufficiently thin to 
allow gas exchange. Although the lungs do 
not begin to perform this vital function until 
birth, they must be well developed so that 
they are capable of functioning at birth. 

At the beginning of the alveolar period, 
each respiratory bronchiole termimates in a 
cluster of thin-walled terminal sacs, separat- 
ed from each other by loose connective 
tissue (Fig. 11-88 and C). These terminal 
sacs represent the future alveolar ducts. Al- 
veolar ducts probably do not exist before 


birth. Characteristic mature alveoli do not 
form for some time after birth. Before birth, 
the immature alveoli appear as small bulges 
from the walls of the terminal sacs and the 
respiratory bronchioles. 

At birth, the primitive alveoli enlarge 
slightly as the lungs expand, but the increase 
in size of the lungs until the age of 3 years 
results mainly from an increase in the 
number of respiratory bronchioles and primi- 
tive alveoli rather than from an increase in 
the size of the alveoli (Crelin, 1975). From 
the third to the eighth year or so, the number 
of immature alveoli continues to increase. 
Unlike mature alveoli, immature alveoli have 
the potential for forming additional primitive 
alveoli. As primitive alveoli increase in size, 
they become mature alveoli. 

One eighth to one sixth of the adult 
number of alveoli are present in a newborn 
infant. On chest radiographs, therefore, the 
lungs of newborn infants are denser than 
adult lungs. 

It is well established that respiratory 
movements occur before birth, exerting suf- 
ficient force to cause aspiration of some 
amniotic fluid into the lungs. The developing 
lungs at birth are about half inflated with 
liquid derived from the lungs, the amniotic 
cavity, and the tracheal glands. Aeration of 
the lungs at birth is not so much the inflation 
of an empty, collapsed organ, but rather the 
rapid replacement of intra-alveolar fluid by 
air (Emery, 1969). This fluid in the lungs is 
cleared by three routes: (i) through the 
mouth and nose by pressure on the thorax 
during delivery; (2) into the pulmonary capil- 
laries; and (3) into the lymphatics and the 
pulmonary arteries and veins. 

In the fetus near term, the pulmonary 
lymphatic vessels are relatively larger and 
more numerous than in the adult (Crelin, 
1975). Lymph flow is high during the first few 
hours after birth, and then it diminishes. 

Of medicolegal significance is the fact that 
the lungs ofa stillborn infant are firm and will 
sink when placed in water at autopsy be- 
cause they contain fluid and not air. 

Pulmonary Surfactant. At 23 to 24 
weeks, the type II alveolar epithelial cells 
(cuboidal cells of terminal sacs, Fig. 11-88) 
begin to secrete surfactant, a substance ca- 
pable of lowering the surface tension at the 
alr-alveolar interface, thereby maintaining 
patency of the alveoli and preventing atelec- 
tasis (collapse of the lung). 

By 28 to 32 weeks, the amount of surfac- 
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tant is sufficient to prevent alveolar collapse 
if a baby is born prematurely and begins 
breathing. When air expands the primitive 
alveoli during the first breath, surfactant is 
rapidly expelled into the alveolar spaces, 
preventing the development of an air-water 
interface of high surface tension (Crelin, 
1975). As a result, the alveoli do not col- 
lapse, but retain a certain amount of air. 


Respiratory Distress Syndrome. [Infants 
born prematurely, wilh weights up lo 1 to 1.5 kg, 
are most susceptible to the respiratory distress 
syndrome (Page et al., 1981). Shortly after birih, 
the infant develops rapid and labored breathing. 

A deficiency of pulmonary surfactant appears 
to be a major cause of hyaline membrane disease, 
a common cause of death in the perinatal period 
(Hislop and Reid, 1974). The lungs are underin- 
flated and the alveoli contain a fluid of high 
protein content that resembles a hyaline (glassy) 
membrane. 

Hyaline membrane disease is a major cause of 
the respiratory distress syndrome in newborn in- 
fants (Villee et al., 1973). This membrane is 
believed to be derived from a combination of 
substances in the circulation and injured pulmona- 
ry epithelium. Page et al. (1981) suggested that 
prolonged intrauterine asphyxia may produce ir- 
reversible changes in the alveolar cells, making 
them incapable of producing surfactant. Howev- 
er, there are probably several causes for absence 
or deficiency of surfactant in premature and full- 
term infants. 

All the factors controlling surfactant pro- 
duction have not been identified, but thyrox- 
ine is known to be a potent stimulator of: 
surfactant production (Crelin, 1975). The 
amount of surfactant increases during the 
terminal stages of pregnancy, particularly 
during the last two weeks before birth. 


CONGENITAL MALFORMATIONS OF 
THE LUNGS 


Lobe of the Azygos Vein. Abnormal 
fissures and lobes of the lungs are common 
and usually insignificant. A tobe of the 
azygos Vein appears in the right lung in about 
1 per cent of people. It develops when the 
apical bronchus grows superiorly medial to 
the arch of the azygos vein instead of lateral 
to it. As a result, the azygos vein comes to lie 
at the bottom of a deep fissure in the superior 
lobe of the right lung. 

Congenital Cysts of the Lungs. These 
cysts are thought to be formed by the dilation 
of the terminal, or larger, bronchi (Salzberg, 
1977). lf several cysts are present, the lungs 


have a honeycomb appearance in radio- 
graphs. 

Agenesis ofthe Lungs. Absence of the 
lung(s) results from failure of the lung bud(s) 
to develop. Agenesis of one lung is common- 
er than bilateral agenesis, yet both condi- 
tions are rare. Unilateral pulmonary agene- 
sis 18 compatible with life. The heart and 
other mediastinal structures are shifted to 
the affected side, and the existing lung is hy- 
pere xpanded. 

Hypoplasia of the Lungs. In infants 
with posterolateral diaphragmatic hernia 
(see Fig. 9-11), the lungs are usually un- 
able to develop normally because they are 
compressed by the abnormally positioned 
abdominal viscera. 

Accessory Lung. Anaccessory lung isa 
rare congenital abnormality. It is almost 
always located at the base of the left lung. It 
does not communicate with the tracheo- 
bronchial tree, and its blood supply is usual- 
ly systemic rather than pulmonary in ori- 
gin. 


SUMMARY 


The lower respiratory system begins to 
develop around the middle of the fourth 
week from a median longitudinal laryngo- 
tracheal groove in the floor of the primitive 
pharynx. This groove deepens to produce a 
laryngotracheal diverticulum, which soon 
becomes separated from the foregut by the 
tracheoesophageal septum to form the 
esophagus and the /aryngotracheal tube. The 
endodermal lining of this tube gives rise to 
the epithelium of the lower respiratory 
organs and the tracheobronchial glands. The 
splanchnic mesenchyme surrounding this 
tube forms the connective tissue, the car- 
tilage, the muscle, and the blood and lym- 
phatic vessels of these organs. 

Branchial arch mesenchyme contributes to 
the formation of the epiglottis and the con- 
nective tissue of the larynx. The laryngeal 
muscles and the cartilage skeleton of the 
larynx are derived from mesenchyme im the 
caudal branchial arches. 

Distally, the laryngotracheal! tube divides 
into two knob-like bronchial buds by the 
early part of the fifth week. Each bud soon 
enlarges to form a primary bronchus and 
then each of these gives rise to two new 
bronchial buds, which develop into second- 
ary bronchi. The right inferior secondary 
bronchus soon divides into two bronchi. The 
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secondary bronchi supply the lobes of the 
developing lungs. Branching continues until 
about 17 orders of branches have formed. 
Additional airways are formed after birth, 
until about 24 orders of branches are 
formed. 

Lung development is drvided into four 
Stages: (1) the pseudoglandular period, 5 to 
17 weeks, when the bronchi and the terminal 
bronchioles form; (2) the canalicular period, 
16 to 25 weeks, when the lumina of the 
bronchi and terminal bronchtoles enlarge, 
the respiratory bronchioles and the alveolar 
ducts develop, and the lung tissue becomes 
highly vascular; (3) the terminal sac period, 
24 weeks to birth, when the alveolar ducts 
give rise to terminal sacs (primitive alveoli). 
The terminal sacs are initially lined wih 
cuboidal epithelium that begins to attenuate 
to squamous epithelium at about 26 weeks. 
By this time, the capillary network has pro- 
liferated close to the alveolar epithelium, and 
the lungs are usually sufficiently well devel- 
oped to permit survival of the fetus if born 
prematurely; and (4) the alveolar period, the 
final stage of lung development, which 
occurs during the late fetal period to about 
eight years of age. 

The respiratory system develops so that it 
is capable of immediate function at birth. To 
be capable of respiration, the lungs must 
acquire an alveolocapillary membrane that is 
sufficiently thin, and an adequate amount of 
surfactant must be present. A deficiency of 
surfactant appears to be responsible for the 
failure of primitive alveoli to remain open, 
resulting in hyaline membrane disease and 
respiratory distress. 

Growth of the lungs after birth results 
mainly from an increase in the number of 
respiratory bronchioles and alveoli. New ai- 
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CLINICALLY ORIENTED PROBLEMS 


1. Choking and continuous coughing were observed in a newborn infant. There 
was an excessive amount of mucous secretion and saliva in the mouth of the 


veoli form for at least eight years after 
birth. 

Major congenital malformations of the 
lower respiratory system are rare, except for 
tracheoesophageal fistula, which is usually 
associated with esophageal atresia. These 
malformations result from faulty partitioning 
of the foregut into the esophagus and the 
trachea during the fourth and fifth weeks. 
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at birth, and disorders of respiration in the neonatal 
period, 

Crelin, E. $.: Development of the Lower Respiratory 
System. New Jersey, Clinical Symposia, Vol. 27, No. 
4, 1975. An up-to-date review of the structure, func- 
tion, and development of the lower respiratory sys- 
tem, The article ts beautifully illustrated by Dr. Net- 
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account of the development of the larynx. 

Hislop, A., and Reid, L.: Growth and development of 
the respiratory system — anatomical development; in 
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Co., 1974, pp. 214-253. A comprehensive account of 
the growth and development of the lungs, both normal 
and abnormal, from the embryonic period until child- 
hood and adolescence. 
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spiratory Distress Syndrome. New York, Academic 
Press, Inc., 1973. This book is based on the proceed- 
ings of a conference on fetal lung development and 
function in relation to respiratory problems of the 
newborn infant. 
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infant, who also experienced difficulty in breathing. The pediatrician was 
unable to pass a catheter through the esophagus into the stomach. What 
congenital malformations would be suspected? What kind of an examination 





do you think would be used to confirm the diagnosis? 
2. A premature infant developed rapid, shallow respirations shortly after birth, 


and a diagnosis of respiratory distress syndrome (RDS) was made. How do 
you think the infant might attempt to overcome his or her inadequate 
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C exchange of oxygen and carbon dioxide? What disease commonly causes 
- RDS? A deficiency of what substance is associated with RDS? 2 
_ 3. What is the most common type of tracheoesophageal fistula? What is its | 
a embryological basis? 
_ 4. A newborn infant with esophageal atresia experienced respiratory distress 
- with cyanosis shortly after birth. X-ray films demonstrated air in the infant’s 
S stomach. How did it get there? What other problem might result in an infant 
with this fairly common type of malformation? 





The answers to these questions are given at the back of the Dook. 
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Development of the oral cavity, the tongue, 
the salivary glands, and the pharynx is de- 
scribed in Chapter 10, 

The primitive gut forms during the fourth 
week, as the head, tail, and lateral folds 
incorporate the dorsal part of the yolk sac 
into the embryo (see Fig. 5-1}. The en- 
doderm of the primitive gut gives rise to most 
of the epithelium and glands of the digestive 
tract; the epithelium at the crantal and caudal 
extremities of the tract is derived from ec- 
toderm of the stomodeum (primitive mouth) 
and the proctodeum, respectively (Figs, 12~1 
and 12-21). The muscular and fibrous ele- 
ments of the digestive tract, and the visceral 
peritoneum, are derived from the splanchnic 
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Figure 12-1 Drawing of a median section of a 
four-week embryo showing the early digestive sys- 
tem and its blood supply. The primitive gut is a long 
tube extending the length of the embryo. It is formed 
by incorporation of the dorsal part of the yolk sac 
into the embryo (see Fig. 5-1). Its blood vessels are 
derived from the vessels that supplied the yolk sac. 


cloacal membrane cloaca 


mesenchyme surrounding the endodermal 
lining of the primitive gut. 

For descriptive purposes, the primitive gut 
is divided into three parts: the foregut, the 
midgut, and the hindgut (Fig. 12-1). 


THE FOREGUT 


The derivatives of the foregut are as fol- 
lows: 

1, The pharynx and its derivatives (dis- 
cussed in Chapter 10) 

2. The lower respiratory tract (described 
in Chapter If) 

3, The esophagus 

4. The stomach 

5. The duodenum proximal to the opening 
of the bile duct 

6. The liver and pancreas 

7. The biliary apparatus 

All these foregut denvatives, except the 
pharynx, the respiratory tract, and most of 
the esophagus, are supplied by the celiac 
artery (Fig, 12-1), the artery that supplies 
the foregut. 


DEVELOPMENT OF THE ESOPHAGUS 


The partitioning of the trachea from the 
esophagus by the tracheoesophageal septum 
is described in Chapter 11 and 1s illustrated in 
Figure 11-2. Initially, the esophagus is very 
short (Fig. 12-1), but it elongates rapidly, 
reaching its final relative length by about 
seven weeks. Elongation of the esophagus 
results mainly from cranial body growth, 
1.e., from ‘‘ascent’’ of the pharynx rather 
than from “‘descent’’ of the stomach (Gray 
and Skandalakis, 1972). 

The epithelium of the esophagus and the 
esophageal mucous glands are derived 
from endoderm. The epithelium of the 
esophagus proliferates and almost obliterates 
the lumen, but recanalization of the esopha- 
gus normally occurs by the end of the embry- 
onic period. 
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The striated muscle in the upper esopha- 
gus, forming the muscularis externa, ts de- 
rived from mesenchyme in the caudal 
branchial arches. The smooth muscle of the 
esophagus develops from the surrounding 
splanchnic mesenchyme. Both types of 
muscle are innervated by components of the 
vagus nerves that supply the caudal branchial 
arches {see Chapter 10). 

Esophageal Atresia (see Fig. 11-5A). 
Esophageal atresia usually occurs with 
tracheoesophageal fistula. 1) may occur as a 
separate malformation, but this is exceeding- 
ly rare. Atresia probably results from devia- 
tion of the tracheoesophageal septum (see 
Fig. 11-2} mm a postenor direction, but 
atresia could also result from failure of 
esophageal recanalization during the embry- 
onic period, 

When there is esophageal atresia, amniotic 
fluid cannot pass to the intestines for absorp- 
tion and subsequent transfer to the placenta 
for disposal. This results in polyhydramnios, 
the accumulation of an excessive amount of 
amniotic fluid. 

Newborn infants with esophageal atresta 
usually appear healthy, and their first one or 
two swallows are normal. Suddenly, fluid 
returns through the nose and mouth, and 
respiratory distress occurs. Confirmation of 
the presence of esophageal atresia can be 
made by demonstrating radiographically that 
a radiopaque catheter cannot pass tnto the 
stomach. 

Esophageal Stenosis. Congenital ste- 
nosis, or narrowing of the esophagus, can 
occur in any place, but it is usually present in 
the distal third as either a web or a long 
segment of esophagus with only a thread-like 
lumen. Esophageal stenosis results from in- 
complete recanalization of the esophagus 
during the eighth week of development. 

Short Esophagus. The esophagus may 
be abnormally short, and a portion of the 
stomach may be displaced superiorly through 
the esophageal hiatus into the thorax. 


DEVELOPMENT OF THE STOMACH 


The stomach first appears as a fusiform 
dilatation of the caudal part of the foregut 
(Figs. 12-1 and 12-2A). This primordium 
soon enlarges and broadens ventrodorsally 
(Fig. 12-28). During the following weeks, 
the dorsal border grows faster than the ven- 
tral border, producing the greater curvature 
(Fig. 12-2C). | | 
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Figure 12-2 Drawings iifustrating development 
and rotation of the stomach, and formation of the 
omental bursa (lesser sac) and the greater omentum. 
A, about 28 days. B, about 35 days. C, about 40 days. 
D, about 48 days. 
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Rotation of the Stomach. As the stom- 
ach acquires its adult shape, it slowly rotates 
90 degrees in a clockwise direction around its 
longitudinal axis. The effects of this rotation 
on the stomach are as follows (Fig. 12~2C 
and D): 

1. The ventral border (lesser curvature) 
moves to the right. 

2. The dorsal border (greater curvature) 
moves to the left. 

3. The original left side becomes the ven- 
tral surface. 

4. The original right side becomes the 
dorsal surface. 

Before rotation, the cramal and caudal 
ends of the stomach are located in the mid- 
line (Fig. 12-2A ). During rotation and further 
growth of the stomach, the cranial region 
(future cardiac part) moves to the left and 
slightly inferiorly, and the caudal region 
(future pyloric part) moves to the right and 
superiorly, As a result, the stomach assumes 
its final position, with its long axis almost 
transverse to the long axis of the body (Fig. 
12-2 D). 

The rotation and growth of the stomach 
explain why the left vagus nerve supplies the 
anterior wall of the adult stomach and the 
right vagus innervates the posterior wall. 

Mesenteries of the Stomach. The 
stomach is suspended from the dorsal wall of 
the abdominal cavity by the dorsal mesen- 
tery, or dorsal mesogastrium (Fig. 12-2A). 
The dorsal mesogastrium is originally in the 
median plane, but it is carried to the left 
during rotation of the stomach and formation 
of the omental bursa, or lesser sac of perito- 
neum. (Fig. 12-24 to C). A ventral mesen- 
tery, oF ventral mesogastrium (Fig. 12-2 B) 
exists only in the region of the inferior end of 
the esophagus,-the stomach, and the supe- 
rior part of the duodenum. It attaches the 
stomach and duodenum to the developing 
liver and the ventral abdominal wall (Fig. 
12-2 D). 

The Omental Bursa, or Lesser Sac of 
Peritoneum. Isolated clefts develop be- 
tween the mesenchymal cells in the thick 
dorsal mesogastrium (Fig. 12~3A and B) and 
coalesce to form a single cavity, which is the 
primordium of the omental bursa, or lesser 
sac (Fig. 12-3C and D). Rotation of the 
stomach is thought to pull the dorsal mes- 
ogastrium to the left, thereby helping to form 
this large compartment, or recess, of the 
peritoneal cavity. It expands transversely 
and cranially and comes to lie between the 


stomach and the posterior abdominal wall. It 
is called a bursa (L., purse) because it facili- 
tates movement of the stomach. 

The superior part of the cranial extension 
of the lesser sac is cut off as the diaphragm 
develops, forming a closed space, or sac, 
known as the infracardiac bursa. Vf it per- 
sists, it usually lies medial to the basal part of 
the right lung. The inferior portion of the 
superior part of the cranial extension of the 
lesser sac persists as the superior recess of 
the lesser sac. 

As the stomach enlarges, the lesser sac 
also expands and acquires an inferior recess 
between the layers of the elongate dorsal 
mesogastrium, the greater omentum (L., 
“fat skin’). This four-layered membrane 
overhangs the developing intestines. Later, 
the inferior recess almost disappears as the 
layers of the greater omentum fuse (Fig. 12- 
13 F). The lesser sac communicates with the 
peritoneal cavity, or greater peritoneal sac, 
through a small opening, the epiploic fora- 
men (Figs. 12~2D and 12-37). In the adult, 
this foramen is located posterior to the free 
edge of the lesser omentum at the upper 
border of the superior part of the duode- 
num. 

Congenital Hypertrophic Pyloric Steno- 
sis. Malformations of the stomach are very 
rare, except for pyloric stenosis. It affects | 
in every 150 male and | in every 750 female 
infants. In infants with this abnormality, 
there is a marked thickening of the pylorus, 
the distal sphincteric region of the stomach. 
The circular and, to a lesser degree, the 
longitudinal muscle in the pyloric region are 
hypertrophied. This results in severe nar- 
rowing (stenosis) of the pyloric canal and an 
obstruction to the passage of food. Although 
the cause of congenital pyloric stenosis is 
unknown, the high incidence of the condition 
in both infants of monozygotic twins, sug- 
gests the involvement of genetic factors. 


DEVELOPMENT OF THE DUODENUM 


Early in the fourth week, the duodenum 
develops from the caudal part of the fore- 
gut and the cranial part of the midgut. 
The junction of the two parts in the adult is 
just distal to the origin of the bile duct. These 
parts of the foregut and the midgut grow 
rapidly and form a C-shaped loop that pro- 
jects ventrally (Fig. 12-4B to D). The junc- 
tion of the foregut and the midgut is at the 
apex of this embryonic duodenal loop (Fig. 
12-4D). As the stomach rotates (Fig. 12-2), 
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Figure 12-3 Diagrams illustrating development of the stomach and its mesenteries, and formation of the 
omental bursa, or lesser sac of the peritoneum. A, 5 weeks. 8, Transverse section showing ciefts in the dorsal 
mesogastrium. C, Later stage after coalescence of the clefts to form the fesser sac. D, Transverse section 
showing the initial appearance of the lesser sac. E, Fhe dorsal mesentery has elongated and the lesser sac has 
enlarged. F and G, Transverse and longitudinal sections respectively showing elongation of the dorsal 
mesogastrium and expansion of the lesser sac. 4, 6 weeks, showing the greater omentum and expansion of the 
lesser sac. / and /, Transverse and longitudinal sections respectively showing the inferior recess of the lesser 
sac and the epiploic foramen. 
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Figure 12-4 Drawings illustrating progressive stages in the development of the duodenum, liver, pancreas, 
and extrahepatic biliary apparatus. A, 4 weeks. B and C, 5 weeks. D, 6 weeks. The pancreas develops from 
dorsal and ventral buds that fuse to form the definitive pancreas. Note that, as the result of the positionai 
changes of the duodenum, the entrance of the bile duct into the duodenum gradually shifts from its initiai 
position to a posterior one. This expiains why the biie duct in the aduit passes posterior to the duodenum and 


the head of the pancreas, 


the developing duodenal loop rotates to the 
right where it comes to lie retroperitoneally 
(Fig. 12-13 F). Because of its derivation 
from both the foregut and the midgut, the 
duodenum is supplied by branches of the 
celiac and superior mesenteric arteries. 

During the fifth and sixth weeks, the lumen 
of the duodenum becomes reduced and may 
be temporarily obliterated by epithelial cells, 
but it normally recanalizes by the end of the 
embryonic period. 

Most of the ventral mesentery of the duo- 


denum disappears. The free border of the 
part that remains forms the anterior border 
of the epiploic foramen (Fig. 12-114). 

Duodenal Stenosis (Fig. 12-5A). Nar- 
rowing of the duodenal lumen usually results 
from incomplete recanalization of the duo- 
denum. It may also be caused by pressure 
from an anular pancreas (Fig. 12—9) or peri- 
toneal bands. Most stenoses involve the hor- 
izontal (third) and/or ascending (fourth) parts 
of the duodenum. Hence the vomitus usually 
contains bile. 


B 
£5 255) 








232 THE DIGESTIVE SYSTEM 





z — =e dilated 
PS ae: duodenum 
an SS 
b e: oe 
sfomac ea duodenal 
é a” atresia 
ducdenal tg I 
stenosis ES 
f aRh 
A. vacuoles B. 









level . level 
of bo Se CA | of 
section | gMeze. eee / = section 
epithelial plug D, D; : 

2 normal 
wall of D. D3 
duodenum . 

poor vacuole formation norrow 


stenosis 








E3 
level of no vacuole formation transverse 
section Cy septum 

level 
Of 
section 
Fy 
s ; atresio 
F FE F, F 


Figure 12-5 Diagrams illustrating the embryological basis of the two common types of congenital 
intestinal obstruction. A, Duodenal stenosis. B, Duodenal! atresia. C to F, Diagrammatic longitudinal and 
transverse sections of the duodenum showing (1) normal recanalization (D to D4), (2) stenosis (E to E:) and (3) 
atresia (F to F;). Most duodenal atresias occur in the descending (secona) and horizontal (third) parts of the 
duodenum. 


Duodenal Atresia (Fig. 12-58). Block- Most atresias involve the descending (sec- 
age of the lumen of the duodenum is not ond) and horizontal (third) parts of the duo- 


common, except in premature infants and in | denum, and are located distal to the opening 
those with Down syndrome (see Fig. 8-4). of the bile duct. 
During the solid stage of duodenal develop- In infants with duodenal atresia, vomiting 
ment occurring in some embryos, the lumen begins within a few hours of birth, before 
is completely filled with epithelial cells. If re- ingestion of any fluids. The vomitus almost 
formation of the lumen fails to occur by a — always contains bile. Often there is disten- 
process of vacuolization (Fig. 12-~5D), a 


tion of the epigastrium, resulting from an 
short segment of the duodenum is occluded. overfilled stomach and upper duodenum. 
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Other severe congenital malformations 
are associated with duodenal atresia, €.£., 
Down syndrome, anular pancreas (Fig. 12— 
9), cardiovascular abnormalities, and ano- 
rectal malformations. Polyhydramnios usu- 
ally occurs because the duodenal atresia 
prevents normal absorption of amniotic fluid 
from the intestine. 

Diverticula of the Duodenum. These 
herniations are common and usually occur 
singly. They can be shown radiologically 
during barium studies but are often not ob- 
served during autopsies. The origin of these 
diverticula is uncertain, but they are believed 
to form where a duct or blood vessel pierces 
the gut wall. 


DEVELOPMENT OF THE LIVER 
AND BILIARY APPARATUS 


The liver, the gallbladder, and the biliary 
duct system arise as a ventral bud from the 
most caudal part of the foregut early in the 
fourth week (Fig. 12-44). This hepatic 
diverticulum extends into the septum trans- 
versium as rapidly proliferating cell strands. 
It rapidly enlarges and divides into two parts 
as it grows between the layers of the ventral 
mesentery (Fig. 12=4B). 

The large cranial part is the primordium of 
the liver. The proliferating endodermal cells 
give rise to interlacing cords of liver cells and 
to the epithelial lining of the ‘ntrahepatic 
portion of the biliary apparatus (Fig. 12-4B). 
The hepatic cords anastomose around pre- 
existing endothelium-lined spaces, which 
are the primordia of the hepatic sinusoids. 
The fibrous and hemopoietic tissue and the 
Kupffer cells of the liver are derived from 
the splanchnic mesenchyme of the septum 
transversum. 

The liver grows rapidly and soon filis most 
of the abdominal cavity (see Fig. S-18C and 
D), Initially, the right and left lobes are about 
the same size, but the right lobe becomes 
much larger. The caudate and quadrate lobes 
develop as subdivisions of the right lobe. 

Hemopoiesis begins during the sixth week, 
giving the liver a bright reddish appearance. 
This hemopoietic activity is mainly respons- 
ible for the relatively large size of the liver 
during the second month. By nine weeks, the 
liver accounts for about 10 per cent of the 
total weight of the fetus. This hemopoietic 
activity subsides during the terminal stages 
of pregnancy. By term, the weight of the 
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liver is only 5 per cent of the total body 
weight. Bile formation by the hepatic cells 
begins during the twelfth week. 

The small caudal part of the hepatic diver- 
ticulum expands to form the gallbladder; its 
stalk becomes the cystic duct (Fig. 12-4C). 
Initially, the extrahepatic biliary apparatus Is 
occluded with endodermal cells, but it 1s 
later recanalized. The stalk connecting the 
hepatic and cystic ducts to the duodenum 
becomes the bile duct. Initially, this duct 
attaches to the ventral aspect of the duodenal 
loop, but, as the duodenum grows and ro- 
tates, the entrance of the bile duct is carried 
around to the dorsal aspect of the duodenum 
(Fig. 12-4C and D). Bile pigments (biltru- 
bin) begin to form during the 13- to 16-week 
period and enter the duodenum, giving its 
contents (meconium) a dark green color. 

The ventral mesentery (Fig. 12-6) 1s a thin, 
double-layered membrane that gives rise to 
three structures: (1) the lesser omentum, 
which passes from the liver to the ventral 
border of the stomach (hepatogasiric liga- 
ment) and from the liver to the duodenum 
(hepatoduodenal ligament) (Fig. 12-7); (2) 
the falciform ligament (Fig. 12-6), which 
extends from the liver to the anterior (ven- 
tral) abdominal wall. The umbilical vein 
passes in the inferior free border of the 
falciform ligament on its way from the umbil- 
ical cord to the liver (Fig. 12-7). The ventral 
mesentery also gives rise to (3) the visceral 
peritoneum of the liver (Fig. 12-6D). The 
liver is covered by visceral peritoneum, ex- 
cept for an area that is in direct contact with 
the diaphragm; this is called the bare area of 
the liver (Fig. 12-7). 

Variations of the Liver and Biliary Appara- 
tus. Variations of liver lobulation are not 
uncommon, but congenital malformations 
are rare. Variations of the hepatic ducts, the 
bile duct, and the cystic duct are common. 
Accessory hepatic ducts are common, and an 
awareness of their possible presence is of 
surgical importance. In some cases, the cys- 
tic duct opens into an accessory hepatic duct 
rather than into the common hepatic duct. 

Extrahepatic Biliary Atresia. This is the 
most serious malformation of the extrahepat- 
ic biliary system and occurs once in about 
every 20,000 births (Stowens, 1959). The 
occlusion likely results from persistence of 
the solid stage of duct development, possibly 
owing to the presence of Some noxious agent 
during embryonic development, but it could 
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Figure 12-6 Drawings illustrating how the caudal part of the septum transversum becomes stretched and 
membranous, thereby forming the ventral mesentery. A, Sagittal section of a four-week embryo. 8, Transverse 
section through the embryo showing expansion of the peritoneal! cavity (arrows). C, Sagittal section of a 
five-week embryo. 0, Transverse section through the embryo after formation of the dorsal and ventral 
mesenteries. Note that the liver is joined to the ventral abdominal wali and to the stomach by the falclform 


ligament and lesser omentum, respectively. 


result from liver infection during late fetal 
development (Myers et al., 1956). 


DEVELOPMENT OF THE PANCREAS 


The pancreas develops from dorsal and 
ventral pancreatic buds of endodermal cells 
that arise from the caudal part of the foregut 
that is developing into the proximal part of 
the duodenum (Figs. 12-4, 12-6, and 12-8). 
The larger dorsal bud appears first and grows 
rapidly into the dorsal mesentery (Figs. 12-7 
and 12-10). The ventral bud develops near 
the entry of the bile duct into the duodenum. 
When the duodenum rotates to the right 
(clockwise) and becomes C-shaped, the ven- 


tral pancreatic bud is carried dorsally with 
the bile duct and comes to lie in the mes- 
oduodenum, inferior and posterior to the 
dorsal pancreatic bud (Fig. i12-8C). It then 
fuses with the dorsal bud (Fig. 12-8D and 
G.) 

The ventral bud forms the uwncinate proc- 
ess and the inferior part of the head of the 
pancreas. Most of the pancreas is derived 
from the dorsal bud. As the pancreatic buds 
fuse, the ducts anastomose. The main pan- 
creatic duct forms from the duct of the 
ventral bud and the distal part of the duct of 
the dorsal bud. The proximal part of the duct 
of the dorsal bud often persists as an acces- 
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Figure 12-7 Sketch of the caudal half of an embryo at the end of the fifth week, showing the liver and its 
essocieted tigaments, viewed from the left. The arrow indicates the communication of the peritoneal cavity with 
the extraembryonic coelom. Owing to the rapid growth of the liver and the midgut loop, the abdominal cavity 
temporarily becomes too small to contain the developing intestines. Consequently, they enter the extraem- 
bryonic coelom in the umbitical cord (see also Figure 12-12), 


sory pancreatic duct that opens at the sum- 
mit of the minor duodenal papilla, located 
about 2 ecm cranial to the main duct (Fig. 
12-8G). The two ducts often communicate 
with each other. In about 9 per cent of people 
the pancreatic duct systems fail to fuse and 
the original double ducts persist. 


Histogenesis of the Pancreas. The pancreatic 
parenchyma is derived from endoderm, which 
forms a network of tubules, Early in the fetal 
period, acini begin to develop from cell clusters 
around the end of these tubules, or primittrve 
ducts, The islets of Langerhans develop from 
groups of cells that separate from the tubules and 
soon come to lie between the acini. Insulin secre- 
tion begins at about 20 weeks, The connective 
tissue covering and the septa of the pancreas 
develop from the surrounding splanchnic mes- 
enchyme, 

Malformations of the Pancreas. Heterotopic, or 
accessory, pancreatic tissue is most often located 
in the wall of the stomach or duodenum, or in a 
Meckel’s diverticulum (Figs. 12-17 and 12-18). 

Anular pancreas is a rare malformation that 
warrants description because if may cause duo- 
denal obstruction (Fig. 12—-9C). The anular portion 
of the pancreas consists of a thin flat band of 
pancreatic tissue surrounding the second part of 
the duodenum. An anular pancreas may cause 


obstruction of the duodenum shortly after birth. 
In other cases, the obstruction develops later in 
life if inflammation or malignant disease develops 
m this ring-like pancreas. Males are affected 
much more frequently than females. Although- 
other explanations have been offered, this abnor- 
mality probably results from the growth of a bifid 
ventral pancreatic bud around the duodenum (Fig, 
12-9). The portions of the ventral bud then fuse 
with the dorsal bud, forming a pancreetic ring 
(Fig, 12-9C), 


DEVELOPMENT OF THE SPLEEN 


Development of the spleen is described 
here, because this organ is derived from a 
mass of mesenchymal cells between the 
layers of the dorsal mesogastrium, The 
spleen, a large, vascular, lymphatic organ, 
acquires its characteristic shape early in the 
fetal period (Figs. 12-2, 12-8, and 12-10). 

As the stomach rotates, the left surface of 
the mesogastrium fuses with the peritoneum 


over the left kidney. This fusion explains the 


dorsal attachment of the lienorenal ligament, 
and why the adult splenic artery, the largest 
branch of the celiac trunk, follows a tortuous 
course posterior to the omental bursa and 
anterior to the left kidney (Fig. 12—10C),. 
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Figure 12-8 4 to D, Schematic drawings showing the successive stages in the development of the 
pancreas from the fifth to the eighth weeks. E to G, Diagrammatic transverse sections through the duodenum 
and the developing pancreas. Growth and rotation (arrows) of the duodenum bring the ventral pancreatic bud 
towards the dorsal bud, and they subsequently fuse. Note that the bile duct initially attaches to the ventral 
aspect of the duodenum and is carried around to the dorsal aspect as the duodenum rotates. The main 
pancreatic duct is formed by the union of the distal part of the dorsal pancreatic duct and the entire ventral 
pancreatic duct. The proximal part of the dorsal pancreatic duct usually obliterates, but it may persist as an 
accessory pancreatic duct. 


Histogenesis of the Spleen. The mesenchymal its potentiality for blood cell formation even in 


cells differentiate and form the capsule and con- adult life. 
nective tissue framework and parenchyma of the Accessory Spleens. One or more of these 
spleen. The organ functions as a hematopoietic organs Can occur in an individual, and they most 


center until late feta! life, but the spleen retains commonly appear near the hilum of the spleen. 








THE FOREGUT 237 


bifid ventral stomach 
pancreatic bud 











darsal 


pancreatic | 
fe oaonulor 
B. pancreas 
duodenum site af abstruction 


Figure 12~9 A and 8, Drawings illustrating the probable embryological basis of anular pancreas, C, An 
anular pancreas encircling the duodenum. Anular pancreas may cause no compression of the duodenum, but 
it sometimes produces complete obstruction (atresia) or partial obstruction {stenosis}. Thus, anular pancreas 
may cause no symptoms, or it may simulate duodenal stenosis (Fig. 12-5A) or duodenal atresia (Fig, 12-58). In 
most cases, the anular pancreas encircles the second part of the duodenum, distal to the hepatopancreatic am- 
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Figure 12-10 A, Drawing of the left side of the stomach and associated structures at the end of the fifth 
week. Note that the pancreas, the spleen, and the celiac artery are between the layers of the dorsal 
mesogastrium. 8, Transverse section through the fiver, the stomach, and the spleen at the level shown inA 
illustrating their relationship to the dorsal and ventral mesenteries. C, Transverse section through a fetus 
showing fusion of the dorsal mesogastrium with the peritoneum of the posterior abdominal wall. 
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An accessory spleen may be embedded partly or 
wholly in the tail of the pancreas, or within the 
gastrolienal ligament. Accessory spleens occur in 
about 10 per cent of people; usually they are 
about 1 cm in diameter. 


THE MIDGUT 


The derivatives of the midgut are as fol- 
lows: 

1. The small intestines, including the part 
of the duodenum distal to the opening of the 
bile duct 

2. The cecum and appendix 

3. The ascending colon 

4. The right half to two thirds, or proximal 
part, of the transverse colon. 

All of the aforementioned midgut dertva- 
tives are supplied by the superior mesenteric 
artery (Figs. 12-1 and 12-11). 

Initially, the midgut is suspended from the 
dorsal abdominal wall by a short mesentery 
(Fig. 12-1); this mesentery elongates rapidly 
(Fig. 12-11A)}. At first, the midgut communi- 
cates widely with the yolk sac (Fig. 12-1), 
but this connection becomes reduced to a 
narrow yolk stalk, or vitelline duct (Fig. 
12-11A). Elongation of the midgut occurs 
faster than does elongation of the embryo’s 
body and development of the abdominal cav- 
ity. AS a result, a series of intestinal move- 
ments occur. 


ROTATION AND FIXATION OF THE 
MIDGUT 


Herniation of the Midgut (Figs. 12-11A 
and 12-12). As the midgut elongates, tt 
forms a ventral U-shaped umbilical loop of 
gut, the midgut loop, which projects into the 
umbilical cord (Fig. 12-114). This so-called 
physiological umbilical herniation occurs at 
the beginning of the sixth week and is a 
normal migration of the midgut into the 


extraembryonic coelom. (Figs. 9-2E and i12- 
11). At this stage the intraembryonic and 
extraembryonic coeloms communicate at the 
umbilicus (Fig. 12-7). This umbilical hernia- 
tion occurs because there is not enough room 
in the abdomen for the rapidly growing mid- 
gut. The shortage of space is caused mainly 
by the relatively massive liver and kidneys 
(mesonephric and metanephric). 

The midgut loop has a cranial limb and a 
caudal limb. The yolk stalk is attached to the 
apex of the midgut loop at the junction of the 
two limbs. The cranial limb grows rapidly 
and forms intestinal loops, but the caudal 
limb undergoes very little change except for 
development of the cecal diverticulum (Fig. 
12-118). Within the umbilical cord, the mid- 
gut loop rotates 90 degrees counterclockwise 
(as viewed from the ventral aspect of the 
embryo, Fig. 12-118) around the axis of the 
superior mesenteric artery; this brings the 
cranial limb of the midgut loop to the right 
and the caudal limb to the left (Fig. 12-118). 
During this rotation, the midgut elongates 
and coils to form loops of small bowel (jeju- 
num and ileum). 

Return of the Midgut (Fig. 12- 
11C). During the tenth week, the intestines 
return rapidly to the abdomen; this is often 
called reduction of the midgut hernia. The 
small intestines (formed from the cranial 
limb) return first and pass posterior to the 
superior mesenteric artery. As the intestines 
return, they undergo a further 180-degree 
counterclockwise rotation (Fig. 12-11C, and 
D,), making a total of 270 degrees. The 
cecum and appendix now lie in contact with 
the caudal aspect of the liver (Fig. 12--11D), 
le., In a subhepatic position. During the 
terminal months of pregnancy, the cecum 
grows down into the right iliac fossa (Fig. 
12-1184). 

It is not known what causes the intestines 
to return to the abdomen, but the decrease in 


Figure 12-11 Drawings showing rotation of the midgut, as seen from the left. A, Around the beginning of 
the sixth week, showing the umbilical loop of gut, or the midgut loop partially within the umbilical cord. Note 
the elongated, double-layered dorsal mesentery containing the superior mesenteric artery. A,, Transverse 
section through the midgut foop illustrates the initial relationship of the limbs of the midgut to the artery. 8, 
Later stage showing the beginning of the midgut rotation. 8, illustrates the 96° counterclockwise rotation that 
carries the craniai limb to the right. C, About 10 weeks, showing the intestines returning to the abdomen. C, 
iHustrates a further rotation of 96°. D, About 11 weeks, after return of intestines to the abdomen. D, shows a 
further 90°rotation of the gut, with a total of 270°. E, Late fetal period, after descent of the cecum to its normal 


position and fixation of the gut. 
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Figure 12-12 Photograph of a 28 mm human embryo during stage 23 of development (about 56 days). Note 
the herniated midgut loop in the proximal part of the umbilica! cord and the umbilical blood vessels. Observe 
also the cartilaginous ribs, the prominent eye, and the relatively well-developed brain, (Courtesy of Dr. Bruce 
Fraser, Faculty of Medicine, Memoria! University of Newfoundland.) 


the relative size of the liver and mesonephric 
kidneys (see Chapter 13) and the enlarge- 
ment of the abdominal cavity are important 
factors. 

Fixation of the Intestines (Fig. 12- 
13). Lengthening of the proximal part of 
the colon gives rise to the ascending colon 


(Fig. 12~-11D and £). As the intestines as- 
sume their final positions, their mesenteries 
are pressed against the posterior abdominal 
wall. The mesentery of the ascending colon 
fuses with the parietal peritoneum and disap- 
pears; consequently, the ascending colon 
becomes retroperitoneal. 





THE MIDGUT 241 


The duodenum, except for the first2.5cm —_ posterior abdominal wall (Fig. 12-1 1A). Dur- 
(derived from the foregut), also becomes ing rotation of the midgut, this mesentery 
retroperitoneal. The other derivatives of the twists around the origin of the superior mes- 
midgut loop retain their mesenteries (Fig. enteric artery. When the mesentery of the 
12-13). The mesentery of the jejunum and ascending colon disappears, the fan-shaped 
iieum is at first attached to the midline of the = mesentery of the small intestines acquires a 
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Figure 12-13 A, Ventral view of the intestines prior to their fixation. 8, Transverse section at the level 
shown in A. The arrows indicate areas of subsequent fusion. C, Sagittal section at the plane shown inA showing 
the greater omentum overhanging the transverse colon. The arrows indicate areas of subsequent fusion. D, 
Ventral view of the intestines after their fixation. E, Transverse section at the level shown in D after 
disappearance of the mesentery of the ascending and descending colon. F, Sagittal section at the plane shown 
in D showing fusion of the greater omentum with the mesentery of the transverse colon and fusion of the layers 
of the greater omentum. 
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Figure 12-14 Drawings showing successive Stages In the development of the cecum and the vermiform 
appendix. A, 6 weeks. 8, 8 weeks. C, 12 weeks. D, At birth. Note that the appendix is relatively iong and is 
continuous with the apex of the cecum. E, Child. Note thatthe appendix in the child is relatively short and lies 
on the medial side of the cecum, but it is still longer than the appendix in the adult. Because the appendix 
develops as the ascending colon and cecum descend, its final Position is retrocolic or retrocecal, In about 64 
per cent of people, it is posterior to the cecum (retrocecal}. in about 32 per cent of people, it appears as filus- 


trated in E. 


new line of attachment that passes from the 
duodenojejunal junction obliqueiy downward 
to the ileocecal junction (Fig. 12-13 D). 

Fixation of the Duodenum (Fig. 12~ 
13). Rotation of the stomach and duoden- 
um causes the duodenum and the pancreas to 
fall to the right, and to become pressed 
against the posterior abdominal wall. The 
adjacent layers of peritoneum fuse and sub- 
sequently disappear (Fig. 12-13C and F). 
Consequently, most of the duodenum and 
the head of the pancreas become retroperi- 
toneal. 

The Cecum and Vermiform Appendix 
(Figs. 12-11 and 12-14). The primordium 
of the cecum and appendix, the cecal 
diverticulum, appears in the sixth week. This 
- conical pouch appears on the antimesenteric 
border of the caudal limb of the midgut loop, 
just beyond the apex of the loop (Fig. 12- 
118). The apex of this blind sac does not 
grow so rapidly and thus the appendix 
forms. 

The appendix is subject to considerable 
variation in position. As the proximal part of 
the colon elongates, the cecum and appendix 
are displaced downward into the right iliac 
fossa. During this process, the appendix may 
pass posterior to the cecum (retrocecal) or 
colon (retrocolic), or it may descend over the 
brim of the pelvis (pelvic, or descending). In 
about 64 per cent of people, the appendix is 
located retrocecally. 

The appendix increases rapidly in length, 
so that by birth it is a relatively long, worm- 
shaped tube (Fig. 12-14D). After birth, the 
wall of the cecum grows unequally, and, 
consequently, the appendix comes to lie on 
its medial side (Fig. 12-14£). 


MALFORMATIONS OF THE MIDGUT 


Congenital abnormalities of the intestines 
are common, most of them result from in- 
complete rotation and/or failure of fixation of 
the intestines. 

Omphaloceie (Fig. 12-15). This condi- 
tion occurs once in about 6000 births and 
results from failure of the intestines to return 
to the abdomen during the second stage of 
rotation of the midgut loop. The hernia may - 
consist of a single loop of bowel, or it may 
contain most of the intestines. The covering 
of the hernial sac is the amniotic epithelium 
of the umbilical cord. 

Faulty closure of the lateral body folds 
during the fourth week (see Chapter 5) pro- 
duces a large defect in the anterior abdomi- 
nal wall and results in most of the abdominal 
viscera developing outside the embryo in a 
transparent sac of amnion. This severe type 
of omphalocele, sometimes called eventra- 
tion of the abdominal viscera, is often asso- 
ciated with exstrophy of the urinary bladder 
(see Chapter 13). 

Normally, after the intestines return from 
the umbilical cord, the rectus muscles ap- 
proach each other and the linea alba, closing 
the circular defect. If a defect remains at this 
time, the omphalocele is usually small. In 
both large and small omphaloceles, the pro- 
truding mass is covered by a thin transparent 
membrane composed of peritoneum and am- 
nion. One third to one half of all infants with 
omphalocele have other congenital malfor- 
mations, e.g., malrotation, Meckel’s diverti- 
culum, and cardiovascular defects. 

Umbilical Hernia. An umbilical hernia 
differs from an omphalocele in that the pro- 
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truding mass (omentum, or loop of bowel) is 
covered by subcutaneous tissue and skin. 
The hernia usually does not reach its max- 
imum size until the end of the first month 
after birth, It ranges in size from a marble to 
a grapefruit. The defect through which the 
hernia occurs is in the linea alba. 


Gastroschisis, This uncommon condition re- 
sults from a defect of the anterior abdominal wall 
that permits extrusion of the abdominal contents 
without involving the umbilical cord. The viscera 
protrude into the amniotic cavity and are bathed 
by amniotic fluid. The term gastroschisis, which 
means ‘“‘split, or open, stomach,” Is a misnomer, 
because it is the anterior abdominal wall that is 
split, not the stomach. The detect usually occurs 
on the right side and ts mere common in maies 
than in females. 

Nonrotation (Fig. 12-164). This rela- 
tively common condition, often called “‘left- 
sided colon,” is generally asymptomatic, but 
volvulus (twisting) of the intestines may 
occur. In nonrotation, the midgut loop does 
not rotate after it enters the abdomen; as a 
result, the caudal! limb of the loop returns to 
the abdomen first and the small intestine lies 





on the right side of the abdomen and the 
entire large intestine on the left. When vol- 
vulus occurs, the superior mesenteric artery 
may be obstructed by the twisting. This 
results in infarction and gangrene of the 
bowel supplied by it. 

Mixed Rotation and Volivulus (Fig. 12- 
168). In this condition, the cecum lies in- 
ferior to the pylorus and is fixed to the 
posterior abdominal wall by peritoneal bands 
that pass over the duodenum. Tbese bands 
and the frequent presence of volvulus of the 
intestines usually cause duodenal obstruc- 
tion. This type of malrotation results from 
failure of the midgut loop to complete the 
final 90 degrees of rotation: consequently, 
the terminal part of the ileum returns to the 
abdomen first. 


Reversed Rotation (Fig. 12~16C}. Rarely, 
the intestines rotate in a clockwise rather than a 
counterclockwise direction. As a result, the duo- 
denum lies anterior to the superior mesenteric 
artery, and the transverse colon lies posterior to 
it. The transverse colon may be obstructed by 
pressure from this artery. Very rarely, the small 
intestine lies on the left side of the abdomen, and 
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Figure 12-15 A, Large omphaioceie in a 28-week fetus. Half actual size. B, Drawing illustrating the 
structure and contents of the hernial sac. The protruding mass of intestines is covered by a thin, transparent 
membrane composed of peritoneum and amnion. Occasionally, this membrane ruptures prior to or during 
birth. In this case, the eviscerated intestine iies freely around the gaping defect in the abdominal wall. 
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Figure 12-16 Drawings illustrating various abnormalities of midgut rotation. A, Nonrotation. B, Mixed 
rotation and volvulus. C, Reversed rotation. D, Subhepatic cecum and appendix. &, Internal hernia. F, Midgut 
volvulus, Malrotation may be present alone and be asymptomatic for life: however, it often becomes 
symptomatic because volvulus (twisting) occurs owing to the excessive mobility of the bowel. 


the large intestine hes on the right side, with the 
cecum in the center. 


Subhepatic Cecum and Appendix (Fig. 
12-16D). Failure of the proximal part of 
the colon to elongate during the third stage of 
rotation results in the cecum staying up with 
the liver as the abdomen enlarges. More 
common in males, this condition occurs in 
about 6 per cent of fetuses and results in 
the cecum and the appendix being located in 
the subcostal region, near the inferior sur- 
face of the liver. Some elongation of the 
colon occurs during childhood; hence, a sub- 
hepatic cecum is not so common in adults. 

Mobile Cecum. In about 10 per cent of 
people the cecum has an unusual amount of 
freedom, so it may even become herniat- 
ed through the right inguinal canal. This 


condition results from incomplete fixation of 
the ascending colon. It is also significant 
because of the possible variations in position 
of the appendix and because volvulus of the 
cecum may occur. 


internal Hernia (Fig. 12-16£). In this condi- 
tion, the small intestine passes into the mesentery 
of the midgut loop during return of the midgut to 
the abdomen, forming a hernia-like sac. This very 
uncommon condition rarely produces symptoms 
and is usually detected at autopsy or during an 
anatomical dissection. 

Midgut Volvulus (Fig. 12-16F). In this 
condition, the small bowel fails to enter the 
abdominal cavity normally and the mesen- 
teries fail to undergo normal fixation. As a 
resuit, twisting of the intestine commonly 
occurs with incomplete rotation of the mid- 
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gut loop. The intestine is attached to the 
posterior abdominal wall at only two points: 
(1) the duodenum and (2) the proximal 
colon. The small intestines hang by a narrow 
stalk, containing the superior mesenteric 
vessels, and they usually twist around this 
stalk and become obstructed at or near the 
duodenojejunal junction. The circulation to 
the twisted segment is often obstructed, and 
thus gangrene may develop. 

Intestinal Stenosis and Atresia (Fig. 
12-5). Narrowing, or stenosis, and com- 
plete obstruction, or atresia, of the intestinal 
lumen occur most often in the duodenum and 
the ileum. The length of the area affected 
varies, Failure of an adequate number of 
vacuoles to form during recanalization 
leaves a transverse diaphragm, producing a 
so-called diaphragmatic atresia (Fig, 12- 
SF 9). 

Another possible cause of stenoses and 
atresias is interruption of the blood supply to 
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a loop of the fetal intestine, the so-called 
fetal vascular accident. A mobile loop of 
intestine may become twisted, thereby inter- 
rupting its blood supply and leading to necro- 
sis of the bowel involved. This segment later 
becomes a fibrous cord connecting the prox- 
imal and distal ends of normal intestine. 
Similar malformations have been produced 
experimentally in fetal dogs by ligating the 
blood vessels to a loop of intestine (Barnard, 
1956). 

Most jejunoileal atresias are probably 
caused by infarction of the fetal bowel as the 
result of impairment of its blood supply. This 
probably occurs during the tenth week, when 
the intestines are returning to the abdomen. 
Malfixation of the gut predisposes it to stran- 
gulation and impairment of its blood supply, 
owing to volvulus (twisting of the gut), 

Meckel’s Diverticulum (Figs. 12-17A to 
C and 12-18). This ileal diverticulum is 
one of the most common malformations of 
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Figure 12-17 Drawings ijlustrating Meckel’s diverticulum and other remnants of the yolk stalk. A, Section 
of the ileum and a Meckel's diverticulum with an ulcer. 8, An ileal diverticulum, commonly called a Meckel's 
diverticulum, connected to the umbilicus by a fibrous cord. C, Umbilico-ileal fistula resulting from persistence 
of the entire intra-abdominal portion of the yolk statk (see also Figure 12-18). D, Vitelline cysts at the umbilicus 
and in a fibrous remnant of the yolk stalk. £, Umbilical sinus resulting from the persistence of the yoik stalk 
near the umbilicus. The sinus is not always connected to the ileum by a fibrous cord as illustrated. F, The yolk 
stalk has persisted as a fibrous cord connecting the ileum with the umbilicus. A persistent vitelline artery 
extends along the fibro''s cord to the umbilicus. 
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Figure 12-18 Photograph of an ileal diverticu- 
lum, which is usually referred to clinically as a 
Meckel's diverticulum. Half actuaf size. Only a small 
percentage of these diverticula ever produce symp- 
toms. 
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the digestive tract; it occurs in 2 to4 per cent 
of people. This malformation is three to five 
times more prevalent in males than in fe- 
males. A Meckel’s diverticulum is of clinical 
significance because it sometimes becomes 
inflamed and causes symptoms mimicking 
appendicitis. 

The wall of the diverticulum contains all 
Jayers of the ileum and may contain gastric 
and pancreatic tissues. The gastric mucosa 
often secretes acid, producing ulceration 
(Fig. 12~17A). © 

A Meckel’s diverticulum represents the 
remnant of the proximal portion of the yolk 
stalk. Typically, it appears as a finger-like 
pouch, about 3 to 6 cm long, arising from the 
antimesenteric border of the ileum (Fig. 
12-18) 40 to 50 cm from the tleocecal junc- 
tion. A Meckel’s diverticulum may be con- 
nected to the umbilicus by a fibrous cord ora 


Figure 12-19 A, Photograph 
of the abdoman of an infant 
with an umbilico-ilaal fistula. A 
proba has bean insartad Into 
tha fistula, extanding from tha 
umbilicus fo the ileum (a 
distance of about 5 cm). 8, The 
axcised fistula showing a 
granulomatous-looking bulga 
at the umbilical end and a cona- 
shaped Meckel’s diverticulum 
at the ileal end. See Figure 12— 
17C for orlentatlon. (From 
Schaffer, A. J., and Avery, M. E.: 
Diseases of the Newborn, 4th 
ed. Phitadeiphia, W. B. Saun- 
ders Co,, 1977.} 
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Figure 12-20 Drawings illustrating the tollowing: A, Cystic duplication of the small Intestine. Note that it is 
on the mesenteric side and receives branches from the arteries supplying the intestine. 8, Longitudinal section 
of the duplication shown in A. it does not communicate with the intestine, but its muscuteture is continuous 
with the gut wall. C, A short tubular duplication of the small intestine. D, A long duplicetion of the smell in- 
testine showing a partition consisting of the fused muscular walls. E, Transverse section of the intestine during 
the solid stage. F, Normal vacuole formation. G, Coalescence of vecuoles to re-form the normel intestinel 
lumen. H, Two groups of vacuoles have formed. /, Coalescence of the vacuoles illustreted in 4 results in in 


testinal duplication. 


fistula (Fig. 12~19); other possible remnants 
of the yoik stalk are illustrated in Figure 
12-17D to F. 


Rarely, there is abnormal reconstruction of the 
endodermal root of the yolk sac during notochord 
formation (see Chapter 4); this may result in the 
endoderm being attached to the notochord. When 
the dorsal part of the yolk sac is incorporated into 
the embryo as the primitive gut (see Chapter 5), a 
cord of endodermal cells passes from the gut to 
the vertebral column, which has developed 
around the notochord. This endodermal cord may 
give rise to a giant diverticulum on the mesenteric 
side of the gastrointestinal tract. The attachment 


of the diverticulum to the developing vertebral 
column may cause an anterior cleft in the body of 
the vertebra, or some other vertebral anomaly 
(Gray and Skandalakis, 1972). 


Duplications (Fig. 12-20). Most intesti- 
nal duplications may be classified as closed 
cystic duplications (Fig. 12-20B) or tubular 
duplications, which communicate with the 
intestinal jumen (Fig. 12-20C),. Cystic dupli- 
cations are more common. Almost all dupli- 
cations are caused by failure of normal 
recanalization, which results in the formation 
of two lumina (Fig. 12~20A and !). They lie 
on the mesenteric side of the intestine. 











248 THE DIGESTIVE SYSTEM 


THE HINDGUT 2. The descending colon 
3. The sigmoid colon 
The derivatives of the hindgut are as fol- 4. The rectum 
lows: 5. The superior portion of the anal canal 
1. The left one third to one half, or distal 6. The epithelium of the urinary bladder 
part, of the transverse colon and most of the urethra (see Chapter 13) 
allantais yolk stalk tailgut Beal 
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Figure 12-21 Drawings illustrating successive stages in the partitioning of the cloaca into the rectum and 
urogenital sinus by the urorectai septum. A, C, and E, Views from the left side at 4,6, and 7 weeks, respectively. 
8, D, and F are enlargements of the cloacal region. 8,, D,, and F, are transverse sections through the cloaca at 


the levels shown in 8, D, and F. Nate that the tailgut (shown in 8B) degenerates and disappears as the rectum 
forms from the dorsal part of cloaca. 
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THE HINDGUT 


All these hindgut derivatives are supplied 
by the inferior mesenteric artery. The junc- 
tion between the segment of transverse colon 
derived from the midgut and that originating 
from the hindgut is indicated by a change in 
blood supply from the superior (midgut) to 
the inferior mesenteric (hindgut) arteries. 

The terminal portion of the hindgut called 
the cloaca (Fig. 12-21A), is an endoderm- 
lined cavity that is in contact with the surface 
ectoderm. The area of contact between the 
endoderm and the ectoderm is Known as the 
cloacal membrane (Fig. 12~218B). This mem- 
brane is composed of endoderm of the cloaca 
and ectoderm of the proctodeum, or anal pit 
(Fig. 12-22). The expanded terminal part of 
the hindgut, the cloaca (L., an open drain or 
canal), receives the allantois ventrally and 
the mesonephric ducts laterally (see Chapter 
13 and Fig. 12-21A). 

Fixation of the Hindgut (Fig. 12- 
13}. The descending colon becomes retro- 
peritoneal when its mesentery fuses with the 
peritoneum of the left posterior abdominal 
wall and then disappears. The mesentery of 
the sigmoid colon is retained but ts dimin- 
ished in length during fixation. 

Partitioning of the Cloaca (Fig. 12- 
21). The cloaca is divided by a coronal 
sheet or wedge of mesenchyme, the urorec- 
tal septum, which develops in the angle 
between the allantois and the hindgut. As 
this septum grows caudally toward the cloa- 
cal membrane, it develops extensions, like a 
two-pronged fork, that produce infoldings of 
the lateral walls of the cloaca (Fig. 12-218,). 
These folds grow toward each other and 
fuse, forming a partition that divides the 
cloaca in two parts: (1) the rectum and upper 
anal canal dorsally, and (Q) the urogenital 
sinus ventrally (Fig. 12—21D and F). 

By the end of the sixth week, the urorectal 
septum has fused with the cloacal mem- 
brane, dividing it into a dorsal anal mem- 
brane and a larger central urogenital mem- 
brane (Fig. 12-21E and F). The area of fusion 
of the urorectal septum with the cloacal 
membrane becomes the central perineal ten- 
don, or perineal body. This fibromuscular 
node is located at the center of the perineum 
and is the landmark of the perineum where 
several muscles converge to insert into it. 

The urorectal septum also divides the 
cloacal sphincter into anterior and posterior 
parts. The posterior part becomes the exter- 
nal anal sphincter, and the anterior part 
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becomes the superficial transversus perinei, 
the bulbospongiosus, the ischiocavernosis, 
and the urogenital diaphragm. This explains 
why one nerve, the pudendal nerve, supplies 
all the muscles into which the cloacal 
sphincter divides. 

Mesenchymal proliferations around the 
anal membrane elevate the surface ecto- 
derm, forming a shallow pit known as the 
proctodeum (ana! pit). The anal membrane 1s 
now located at the bottom of this pit, or de- 
pression (Fig. 12-21 £). The anal membrane 
usually ruptures at the end of the eighth 
week, establishing the anal canal. This also 
brings the caudal part of the digestive tract 
into communication with the amniotic cavi- 
ty. 
The Ana! Cana! (Fig. 12-22). The supe- 
rior two thirds (about 25 mm) of this canal is 
derived from the dindgut; the inferior one 
third (about 13 mm) develops from the proc- 
todeum. The junction of the epithelium de- 
rived from the ectoderm of the proctodeum 
and the endoderm of the hindgut is roughly 
indicated by the pectinate line at the level of 
the anal valves. This line indicates the ap- 
proximate former site of the anal membrane. 
Inferior to the pectinate line is the anal 
pecten, a bluish-white zone in living persons 
that measures about 1 cm wide. About 2 cm 
superior to the anus is the anocutaneous line 
(“white line”), where the anal epithelium 
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Figure 12-22 Sketch of the rectum and anal 
canal showing their developmental origins. Note that 
tha superior two thirds of the anal canal is derived 
from hindgut and is endodermal in origin, whereas 
the inferior one third of the anal canal is derived from 
the proctodeum andis ectodermal in origin. Becausa 
of thair different embryological origins, the superio 
and inferior parts of the anal canal are supplied b, 
different artaries and nerves, and have different 
venous and lymphatic drainages. 
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changes from columnar to stratified squa- 
mous cells. 

At the anus, the epitheluins is keratinized 
and continuous with the skin of the anal 
region. Fhe other layers of the wall of the 
anal canal are derived from splanchnic 
mesenchyme. 

Owing to its hindgut origin. the superior 
part of the anal canal is supplied by the 
superior rectal artery, the continuation of the 
inferior mesenteric artery (hindgut artery), 
Whereas the inferior part of the canal. de- 
rived from the proctodeum. is supplied by the 
inferior rectal arteries, branches of the inrer- 
nal pudendal artery. ‘Yhe infertor rectal ar- 
teries also supply the skin of the anal region. 

The venous and lymphatic drainage and 
the nerve supply also differ because of the 
different embryological origins of the supe- 
rior and inferior parts of the anal canal. 


MALFORMATIONS OF THE HINDGUT 


Congenital Aganglionic Megacolon or 
Hirschsprung’s Disease. Rarely, a por- 
tion of the colon is dilated because of the 
absence of ganglion cells of the myenteric 
plexus distal to the dilated segment. The 
dilated colon, or megacolon (Gr. megas, big) 
has normal ganglion cells. The dilation of the 
colon results from failure of peristalsis in the 
aganglionic segment, causing failure of on- 


ward movement of the intestinal contents. In. 
most cases, only the rectum and the sigmoid | 


colon are involved, but, occasionally, gan- 
glia are absent from more proximal parts of 
the colon. 

Congenital megacolon results from failure 
of neural crest cells to migrate normally into 
the wall of the colon. This results in absence 
of parasympathetic ganglion cells. The cause 
of failure of the neural crest cells to complete 
their migration is unknown. 

The extent of the aganglionosis varies. The 
internal anal sphincter is always involved, as 
well as most of the rectum-in many cases. 

Imperforate Anus and Related Malfor- 
mations (Fig. 12-23). Some form of im- 
perforate anus occurs once in about 5000 
births: it 1S more common in males. Most 
anorectal malformations result from abnor- 
mal development of the urorectal septunt, 
resulting in incomplete separation of the 
cloaca into urogenital and anorectal portions 
(Fig. 12-21). 


The following are fow malformations of 
the anorectal region: 

Anal Agenesis, With or Without Fistula (Fig. 
12-23D and E). The anal canal may end 
blindly and there may be an ectopic opening 
(ectopic anus}, or fistula, that commonly 
opens into the perineum. However, the fis- 
tula may open into the vulva in females or 
the urethra in males. 

Anal agenesis with fistula results from 
incomplete separation of the cloaca by the 
urorectal septum. It accounts for about 46 
per cent of cases. 


Anal Stenosis (Fig. 12-23B). The anus is in the 
normal position, but there is a narrowing of the 
anal canal. This malformation is probably caused 
by a slight dorsal deviation of the urorectal sep- 
tum as it grows caudally to fuse with the cloacal 
membrane. As a result, the anal membrane (and 
later the anus) is small. Sometimes, only a small 
probe can be inserted (the so-called microscopic 
anus). 

Membranous Atresia (“Covered Anus”) (Fig, 12- 
23C). The anus ts in the normal position, but a 
thin layer of tissue separates the anal canal from 
the exterior. The membrane is thin enough to 
bulge on straining and appears blue from the 
presence of meconium behind it. This malforma- 
tion is very rare and results from failure of the 
anal membrane to perforate at the end of the 
eighth week. 

The following are Aigh malformations of 

the anorectal region: 
_ Anorectal Agenesis, With or Without Fistula 
(Fig. 12-23F and G). The rectum ends well 
above the anal canal; this is the most com- 
mon type of anorectal malformation. Al- 
though the rectum may end blindly, there is 
usually a fistula to the urethra in males or the 
vagina in females. Anorectal agenesis with a 
fistula results from incomplete separation of 
the cloaca by the urorectal septum. 


Rectal Atresia (Fig, 12-23H and i). The anal 
canal and the rectum are present, but they are 
separated by an atretic segment of rectum. The 
cause of rectal atresia may be abnormal recanal- 
ization or defective blood supply, as discussed 
with atresia of the small intestine. 


SUMMARY 


The prinitive gut (foregut, midgut, and 
hindgut) forms during the fourth week by 
incorporation of the roof of the yolk sac into 
the embryo. The endoderm of the primitive 
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Figure 12-23 Drawings illustrating various anorectal malformations. A, Persistent cloaca. Note the com- 


mon outlet for the intestinal, urinary, and reproductive tracts. This very rare condition usually occurs in 
females. 8, Anal stenosis. C, Membranous atresia (covered anus). This is a very rare condition. D and &, Anal 
agenesis with perineal fistula. F, Anorectal agenesis with rectovaginal fistula. G, Anorectal agenesis with 
rectourethral fistula. H and /, Rectal atresia. Anal agenesis (D and £) and anorectal agenesis (F and G) account 


for over 75 per cent of anorectal malformations. 


gut gives rise to the epithelial lining of most 
of the digestive tract and biliary passages, 
together with the parenchyma of the liver 
and pancreas. The epithelium at the cranial 
and caudal extremities of the digestive tract 
is derived from the ectoderm of the stomo- 
deum and proctodeum, respectively. The 
muscular and connective tissue components 
of these structures are derived from the 
splanchnic mesenchyme surrounding the 
primitive gut. _ 
The foregut gives rise to the pharynx, the 
lower respiratory system, the esophagus, the 
stomach, the duodenum (proximal to the 


opening of the bile duct), the liver, the pan- 
creas, and the biliary apparatus. ; 

Because the trachea and esophagus have a 
common origin from the foregut, incomplete 
partitioning by the tracheoesophageal sep- 
tum results in stenoses or atresias, with or 
without fistulas between them. 

The liver bud, or hepatic diverticulum, is 
formed from an outgrowth of the endodermal 
epithelial lining of the foregut. The epithelial 
liver cords and the primordia of the Jdiliary 
system, which develop from the hepatic di- 
verticulum, grow into the mesenchymal sep- 
tum transversum. Here they differentiate 
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into the parenchyma of the liver and the 
lining of the ducts of the biliary system be- 
tween the layers of the ventral mesentery. 

Congenital duodenal atresia results from 
failure of the vacuolization process to occur 
and to restore the lumen of the duodenum. 
Obstruction of the duodenum can also be 
caused by ananular pancreas, resulting from 
the two parts of the developing pancreas 
surreunding the duodenum. , 

The pancreas is formed by two buds that 
originate from the endodermal lining of the 
foregut. When the duodenum rotates to the 
right, the ventral pancreatic bud moves dor- 
Sally and fuses with the dorsal pancreatic 
bud. In some fetuses, the duct systems of the 
two buds fail to fuse, and an accessory 
pancreatic duct forms. 

The midgut gives rise to the duodenum 
(distal to the bile duct), the jejunum, the 
ileum, the cecum, the vermiform appendix, 
the ascending colon, and the right, or prox- 
imal, half to two thirds of the transverse 
colon. The midgut forms a U-shaped intesti- 
nal loop that herniates into the umbilical cord 
during the sixth week because of inadequate 
room in the abdomen. While in the umbilical 
cord, the midgut loop rotates counterclock- 
wise through 90 degrees. During the tenth 
week, the intestines rapidly return to the 
abdomen and rotate a further 180 degrees 
during this process. 

Omphalocele, mairotations, and abnor- 
malities of fixation result from failure of 
return or abnormal return of the intestines to 
the abdomen. 

Because the gut is normally occluded at one 
slage, stenosis (Narrowing), atresia (obstruc- 
tion}, and duplications may result if recan- 
alization fails to occur or occurs abnormally. 
Various remnants of the yolk stalk may 
persist; Meckei’s diverticulum is common, 
but only a small percentage of these ileal 
diverticula ever become symptomatic. 

The hindgut gives rise to the left, or distal, 
one third to one half of the transverse colon, 
the descending and sigmoid colon, the rec- 





tum, and the superior part of the anal canal. 
The remainder of the anal canal develops 
from the proctodeum. The caudal part of the 
hindgut 1s expanded into the cloaca, which is 
divided by the wrorectal septum into the uro- 
genital sinus and rectum. The urogenital 
sinus mainly gives rise to the urinary blad- 
der and the urethra (see Chapter 13). At 
first. the rectum and the superior part of the 
anal canal are separated from the exterior by 
the anal membrane, but this normally breaks 
down by the end of the eighth week. 

Most anorectal malformations arise from 
abnormal partitioning of the cloaca by the 
urorectal septum into anorectal and urogeni- 
tal parts. Deviation of the urorectal septum 
in a dorsal direction probably causes most of 
the anorectal abnormalities, such as rectal 
atresia and abnormal connections (fistulas) 
between the rectum and the urethra, the 
bladder, or the vagina. 
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ev, 1968. A very good description of congenital mal- 
formations resulting from incomplete rotation of the 
gul and failure of fixation of the intestines. 

Minor, C. L.: Alimentary System; in A. Rubin (Ed.): 
Handbook of Congenital Malformations. Philadel- 
phia, W. B. Saunders Co., 1967, pp. I~14. A concise 
reference book about malformations of ihe digestive 
system. Each malformation is discussed in terms of 
prevalence, associaled anomalies, hereditary factors, 
treatment, and outlook. 

Moore, K. L.: Clinically Oriented Anatomy. Baltimore, 
Williams & Wilkins Company, 1980, Chapter 12. This 
book contains many clinically oriented comments and 
palient orienled problems that are related to abnormal 
human development. It also explains how many ana- 
tomical relationships, such as lhose of omental bursa, 
make sense when developmenlal events are consid- 
ered. 
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CLINICALLY ORIENTED PROBLEMS 


1. A female chiid was born prematurely at 32 weeks’ gestation to a 39-year-old 
woman whose pregnancy was complicated by polyhydramnios. Amniocente- 
sis at 16 weeks showed that the infant had trisomy 271. Tne baby began to vomit 
within a few hours after birth, and marked dilation of the epigastrium was 
noted. X-ray fiims of the abdomen showed gas in the stomach and upper duo- 








REFERENCES 253 


denum, but no other intestinal gas was observed. A diagnosis of duodenal 
atresia was made. Where does obstruction of the duodenum usually occur? 
What is the embryological basis of this congenital malformation? What 
caused distention of the infant’s epigastrium? Is duodenal atresia commonly 
associated with malformations such as Down syndrome? What is the basis of 
polyhydramnios ? 

2. The umbilicus of a newborn infant failed to heal normally. It became swollen 
and there was persistent discharge from the umbilical stump. After probing, a 
sinus tract was outlined with radiopaque oil during fluoroscopy. The tract was 
resected on the ninth day after birth and its distal end was found to terminate 
in a diverticujum of the ileum. What is the embryological basis of the sinus 
tract {umbilico-ifeal fistula)? What is the name given to this type of ileal 
diverticulum? Is this condition common? 

3. A female infant was born with asmall dimple where the anus should have been 
(imperforate anus). Examination of the infant’s vagina revealed meconium and 
an opening (sinus tract) in the posterior wall of the vagina. Radiographic 
examination, using a contrast medium injected through a tiny catheter in- 
serted into the sinus tract, revealed a fistufous connection with the lower 
bowel. With which part of the lower bowel would the fistula probably be con- 
nected? Name this malformation. What is the embryological basis of this 
condition? 

4, Anewborn infant was born with a light gray, shiny mass measuring the size of 
an orange and protruding from the umbilical region. /t was covered by a thin 
transparent membrane. What is this congenital malformation called? What is 
the structure of the membrane covering the mass? What would be the com- 
position ot the mass? What is the embryological basis of this protrusion? 

5. A newborn infant appeared normal at birth, but vomiting and abdominal dis- 
tention developed after a few hours. The vomitus contained bile, and only a 
little meconium was passed. X-ray study showed a gas-filled stomach and di- 
lated, gas-filled loops of small bowel, but no air was present in the large 
intestine. This indicated a congenital obstruction of the lower smai! bowel. 
What part of the small bowel was probably obstructed? What would the con- 
dition be called? Why was a little meconium passed? What would likely be 
observed at operation? What was the probable embryological basis of the 
condition? 


The answers to these questions are given at the back of the book. 
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THE UROGENITAL 


SYSTEM 


The Urinary and Genital Systems 


Embryologically and anatomically, the uri- 
nary (excretory) and genital (reproductive) 
systems are closely associated. These sys- 
tems are very closely associated in the adult 
male, e.g., the urethra conveys both urne 
and semen. Although the systems are sepa- 
rate in normal adult females, the urethra and 
the vagina open into a common space be- 
tween the labia minora, called the vestibule 
of the vagina. 
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Both the urinary and genital systems de- 
velop from the intermediate mesoderm, 
which extends along the entire length of the 
dorsal body wall of the embryo (Fig. 13-18). 
During transverse folding of the embryo, the 
intermediate mesoderm is carried ventrally 
and loses its connection with the somites. 
This longitudinal mass of mesoderm on each 
side of the primitive aorta in the trunk region 
is Called a nephrogenic cord (Figs. 13-1D 
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Figure 13-1 A, Dorsal view of an embryo during developmental stage 8 (about 18 days). B, Transverse 
section through the embryo showing the original position of the intermediate mesoderm. C, Lateral view of an 
embryo during developmental stage 12 (about 26 days). D, Transverse section through the embryo showing the 
urogenital ridges produced by the nephrogenic cords ot the intermediate mesoderm. 
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and [3-5). On the dorsal wall of the coelomic 
cavity, these cords produce bilateral longi- 
tudinal bulges called the urogenital ridges, 
which give rise to both nephnic and genital 
structures, A clear understanding of genito- 
urinary embryology is necessary because 
about 10 per cent of infants are born with 
some abnormality of the genitourinary sys- 
tem (Vaughan and Middleton, 1975). 

Functionally, the urogenital system can be 
divided into two parts: the urinary system 
and the genital system. Furthermore, devel- 
opment of the urogenital system ts easier to 
understand if the urinary and genital systems 
are described separately. Development of 
the urinary system begins first. 


THE URINARY SYSTEM 


The urinary organs consist of the following 
structures: (]) the kidneys, which excrete the 
urine; (2) the ureters, which convey the urine 
to (3) the urinary bladder, where it is stored 
temporarily, and (4) the urethra, through 
which the urine is discharged to the exteri- 
or, 


DEVELOPMENT OF THE KIDNEYS AND 
URETERS 


Three different, slightly overlapping (in 
time) sets of excretory organs develop im 
human embryos: the pronephros, the mes- 
onephros, and the metanephros. The first 
set, Or pronephrot (plural term}, are rudi- 


mentary and nonfunctional. They are analo- 
gous to the kidneys of some primitive fishes. 
The second set, or mesonephroi, are analo- 
gous to the kidneys of fishes and amphibians, 
and are probably functional for a short time 
during the early fetal period before they un- 
dergo involution The third set, or meta- 
nephroi, become the permanent kidneys and 
begin to produce urine when the fetus is 11 
to 13 weeks old, 


The Pronephroi (‘‘Forekidneys”). These 
transitory, nonfunctional structures appear in 
human embryos early in the fourth week and are 
represented by a few solid cell clusters, or tu- 
bular-arranged structures, in the cervical region 
(Fig. 13-2A). The pronephne ducts run caudally 
and open into the cloaca. The pronephroi soon 
degenerate, but most of their ducts are utilized by 
the next kidney (Fig. 13-28), 

The Mesonephroi (‘“Midkidneys”). These 
large organs appear later in the fourth week, 
caudal to the rudimentary pronephroi (Fig. 13-2). 
Each mesonephros may function as an intermim 
kidney until the permanent kidneys are estab- 
lished. The mesonephroi function in rabbit, cat, 
and pig embryos, but there is no proof of meso- 
nephric function in human embryos. However, 
their morphological similarity to the mesonephroi 
in those species suggests that the human meso- 
nephroi may function for a short time in the early 
feta! period, | 

The mesenchymal cell clusters in the nephro- 
genic cords (Fig. 13-4B)} develop lumina and be- 
come mesonephric vesicles (Fig. 13~4C), Soon, 
each vesicle grows into an S-shaped mesonephric 
tubule (Fig. 13-4D and £). These tubules grow 
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Figure 13-2 Diagrammatic sketches illustrating the three sets of excretory structures present in an embryo 


during developmental stage 14 (about 32 days). A, Lateral view. B, Ventral view. For the sake of simplicity, the 


mesonephric tubules have been pulled out to the sides of the mesonephric ducts. Actually, the tubules lie 
medial to ducts (see Fig. 13-4F). 
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Figure 13-3 Photomicrograph of a transverse section through a 6-mm human embryo during developmen- 
tal stage 14 (about 32 days) showing the mesonephros. The mesonephric tubules exhiblt various outlines in 
this section because they are convoluted and thus are cut simultaneously at several points along their lengths 


DeT2): 


laterally until they contact and become continu- 
ous with the pronephric duct, now called the 
mesonephric duct (Figs. 13-3 and 13-4D). The 
medial end of each mesonephric tubule expands 
and becomes invaginated by blood capillaries to 
form a double-layered cup, the glomerular (Bow- 
man’s) capsule. The cluster of capillaries that 
projects into this capsule is called a glomerulus 
(Figs. 13-3 and 13-4F). The capsule and glomeru- 
lus together form a mesonephric (renal) corpus- 
cle. The intermediate portion of the nfesonephric 
tubule lengthens rapidly and becomes highly con- 
voluted (Fig. 13-47). These tubules develop in a 
craniocaudal sequence, forming a long, ovoid 
kidney on each side of the abdominai cavity(Figs. 
13-3 and 13-8A). As tubules are forming in the 
lumbar region, those in the thoracic region are 
degenerating. Thus, no more than 40 mesonephric 
tubules are present in each kidney at any one 
time. By the beginning of the fetal period, cranial 
parts of the mesonephroi have almost com- 
pletely degenerated and disappeared. The meso- 
nephric ducts and a few tubules persist as genital 
ducts in males or form vestigial remnants in 
females (Tables 13-1). 

The Metanephroi (“Hindkidneys”). The 
metanephroi, or permanent kidneys, begin to 
develop early in the fifth week and start to 
function about six weeks later. Urine forma- 
tion continues actively throughout fetal hfe, 


and is excreted into the amniotic fluid. Be- 
cause the placenta adequately eliminates 
metabolic wastes from the fetal blood, there 
is no need for the kidneys to function before 
birth. However, the kidneys must be capable 
of assuming their excretory and regulatory 
roles at birth (Page et al., 1981). 


The urine mixes with the amniotic fluid, which 
the fetus drinks. A fetus normally swallows up to 
several hundred milliliters of amniotic fluid each 
day. This fluid is absorbed by the intestine; con- 
sequently, the fetal kidneys are involved in the 
regulation of the volume of amniotic fluid. In such 
abnormal conditions as renal agenesis (absence of 
kidneys) or urethral obstruction, the volume of 
amniotic fluid may be abnormally small, a condi- 
tion called oligohydramnios. Hence, a fetus with- 
out kidneys (bilateral renal agenesis) continues to 
develop prenatally, but dies during the postnatal 
period. 

Some cases of polyhydramnios (excessive 
amount of amniotic fluid) are caused by inability 
of the fetus to absorb amniotic fluid, e.g., due to 
obstruction of the esophagus or duodenum. The 
swallowed amniotic fluid is unable to enter the 
bowel to be absorbed for placental transfer. 

The permanent kidney, or metanephros, 
develops from two different sources: the 
metanephric diverticulum, or ureteric bud, 
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Figure 13-4 A, Sketch of a lateral view of a five-week embryo showing the extent of the mesonephros. B, 
Transverse section through the embrya showing the nephragenic cords from which the mesonephric tubules 


develop. C to F, Sketches from transverse sections shawing successive stages in the development of a 
mesonephric tubule. 
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Figure 132-5 A, Sketch ofa lateral view of a five-week embryo showing the primordium of the metanephros, 
or permanent kidney. 8 to E, Sketches showing successive stages of development of the metanephric divertic- 
ulum, or ureteric bud (flfth to eighth weeks) into the ureter, the pelvis, the calyces, and the collecting tubules. 
The renal lobes ilustrated in E are also visible in the kidneys of newborn infants (Fig. 13-7). 


and the metanephric mesoderm, or meta- 
nephrogenic blastema (Fig. 13-54 and B). 
The metanephric mesoderm is located in the 
caudal part of the nephrogenic cord, Both 
primordia of the metanephros are of meso- 
dermal origin. 

The metanephric diverticulum begins asa 
dorsal outgrowth, or bud, from the meso- 
nephric duct near its entry into the cloaca 
(Fig. 13-54 and B). This ureteric bud gives 
rise to the ureter, the renal-pelvis, the cal- 
yces, and the collecting tubules (Fig. 13-5C 
to E). As this diverticulum extends dorso- 
cranially, it penetrates the metanephric mes- 
oderm, which forms a cap over its expanded 
end (Fig. 13-58). The stalk of the meta- 
nephric diverticulum becomes the ureter, 
and its expanded cranial end forms the renal 
pelvis. The pelvis divides into major and 
minor calyces and collecting tubules grow 
out from the minor calyces (Fig. 13—SC to £). 
Each collecting tubule undergoes repeated 
dichotomous branching, forming successive 
generations of collecting tubules. 

Near the blind end of each arched collect- 
ing tubule (Figs. 13-5SE and 13-64), clusters 


of mesenchymal cells in the metanephric 
mesoderm’ form small metanephric vesicles. 
These vesicles form as the result of an induc- 
tive influence from the arched collecting tu- 
bules (Fig. 13-68). The metanephric vesicles 
soon give rise to renal tubules, or meta- 
nephric tubules (Fig. 13-6C). As these tu- 
bules develop, their proximal ends become 
invaginated by glomeruli. The renal corpus- 
cle (glomerulus and Bowman's capsule) and 
its convoluted tubules form a nephron (Fig. 
13-6D). The distal end of the metanephric 
tubule (future distal convoluted tubule) con- 
tacts anarched collecting tubule, and the two 
tubules soon become confluent. Hence, a 
uriniferous tubule consists of two embryo- 
logically different parts: a nephron derived 
from the metanephric mesoderm.-and a col- 
lecting tubule derived from the meta- 
nephric diverticulum (Figs. 13-5 and 13-6). 

Continued lengthening of the metanephric 
tubule results in formation of the proximal 
convoluted tubule, theloop of Henle, and the 
distal convoluted tubule (Fig. 13-6D). 

Four orders of collecting tubules are gradually 
absorbed inte the walls of the calyces; conse- 
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Figure 13-6 Diegrammetic sketches illustreting stages in the development of nephrons. The nephrons 
become continuous with the collecting tubules to form urinlferous tubules, This process commences around 
the beginning of the eighth week. It has been estimated thet by 11 to 13 weeks, approximately 20 per cent of 
nephrons are reletively mature. This is when urine formetlon begins, 

The number of nephrons more than doubles from 20 weeks' to 38 weeks’ gestation. After examining Figure 
13-5 and the above drewings, one should see clearly that the excretory units, or nephrons, are derived from the 
metanephric mesoderm, and that the collecting system is derived from the metenephric diverticulum, 


quently, the associated nephrons lose their con- 
nections with collecting tubules. These nephrons 
normally degenerate and disappear. 

The increase in kidney size after birth results 
mainly from hypertrophy of the nephrons. The 
outer cortical region of the kidneys of newborn 
infants contains undifferentiated mesenchyme, 
from which additional nephrons develop for sev- 
eral months after birth. 

The Fetal and Newborn Kidneys (Fig. 
13-7). In the fetus and infant, the lobes of 
the kidney are demarcated on the surface. 
This lobation usually disappears during in- 
fancy ‘as cortical growth of nephrons 
OCCcUrs. 

Positional Changes of the Kidney (Figs. 13-8 
and 13-9). Initially, the kidneys are in the 
pelvis, but they gradually come to lie in the 
abdomen. This migration results mainly from 


growth of the embryo’s body caudal to. the 
kidneys. In effect, the caudal part of the 
embryo grows away from the kidneys so that 
they occupy progressively higher levels. 
Eventually, they come to lie posterior to the 
peritoneum on the posterior abdominal 
wall. 

Initially, the hilum of the kidney faces 
ventrally, but as the kidney ascends it rotates 
almost 90 degrees so that its hilum is directed 
anteromedially (Fig, 13~8C and D), 

Blood Vessels to the Developing Kidneys 
(Fig. 13-3). As the kidneys ‘‘ascend’’ from 
the pelvis to the abdomen, they receive their 
blood supply from blood vessels close to 
them. Initially, the renal arteries are 
branches of the middle sacral and common 
iliac arteries. As they ‘‘ascend’’ further, the 
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Figure 13-7 Photograph of the kidneys and su- 
prarenal (adrenal} glands of a 28-week fetus {x 2). 
The external evidence of the lobes of the kidney 
normally disappears by the end of the first postnatal 
year. In rare instances, evidence of the fetal lobes 
may be visible in adult kidneys, appearing as inden- 
tations along the lateral margin of the kidney. Note 
the large suprarenai, or adrenal, glands. During the 
first two weeks after birth, the adrenal glands reduce 
to about half this size (see Fig. 13-19). 


kidneys receive their blood supply from ar- 
teries that extend laterally from the aorta. 
When they reach a higher level, the kidneys 
receive blood from new branches from the 
aorta at higher levels, and the inferior 
branches undergo involution and disappear. 
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The definitive renal arteries are not recogniz- 
able until the ninth week (Fig. 13-8 D). 

The relatively common variations in the 
blood supply to the kidneys reflect the man- 
ner in which the blood supply continually 
changes as the kidneys ‘‘ascend’’ from the 
pelvis to the abdomen. 


CONGENITAL MALFORMATIONS OF 
THE KIDNEYS AND URETERS 


Abnormalities of the kidney and ureter 
occur in 3 to 4 per cent of the population and 
include variations in blood supply, abnormal 
positions, and upper urinary tract duplica- 
tions. 

Renal Agenesis (Fig. 13-10A). Unilat- 
eral absence of a kidney is relatively com- 
mon, occurring about once in every 1000 
births. Unilateral renal agenesis causes no 
symptoms and 1s usually not discovered in 
the neonatal period because the other kidney 
is able to perform the function of the missing 
kidney. 

Bilateral renal agenesis is rare (about 0.3 
per 1000 births}, and is incompatible with 
postnatal life. Most infants afflicted with this 
malformation die during birth or a few hours 
later. Because no urine is excreted into the 
amniotic fluid, bilateral renal agenesis is 
associated with oligohydramnios (defici- 
ency in the amount of amniotic fluid). 

Renal agenesis results when the meta- 
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Figure 13-8 Diagrams of ventral views of the abdominopelvic region of embryos and fetuses (sixth to ninth 
weeks) showing the medial rotation and ascent of the kidneys from the pelvis to the abdomen. This is nota true 
upward migration, but the result of disproportionale growth of the caudal region of the embryo. Note that as 
the kidneys ‘ascend’ they are supplied by arteries at successively higher levels, and the hilum is eventually 
directed anteromedially. 
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Figure 13-9 Diagrams showing (1) division of the cloaca into the urogenital sinus and the rectum, (2) 
absorption of the mesonephric ducts, (3) development of the urinary bladder, urethra, and urachus, and (4) 
changes in the {focation of the ureters. A, Lateral view of the caudal half of a five-week embryo. 8, D, and F, 
Dorsal views. C, E, G, and H, Lateral views. The stages shown in G andH are reached by about 12 weeks. 
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Figure 13-10 Drawings illustrating various abnormalities of the upper urinary tract. The smali sketch to the 
lower right of each drawing illustrates the probable embryologicai basis of the malformation. A, Unilateral renal 
agenesis. 8, Right side, pelvic kidney; left side, divided kidney with a bifid ureter. C, Right side, malrotation of 
the kidney; left side, bifid ureter and double kidney. D, Crossed renal ectopia. The Jeft kidney crossed to the 
right side and fused with the right kidney. £, “Pancake,” or discoid, kidney resulting from fusion of the 
unascended kidneys. F, Supernumerary left kidney resulting from the development of two ureteric buds. 
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nephric diverticulum fails to develop, or 
when early degeneration of this bud occurs. 
Failure of the metanephric diverticulum to 
penetrate the metanephric mesoderm results 
in absence of kidney development because 
no nephrons are induced to develop from the 
metanephric mesoderm. 

Abnormal Rotation of the Kidney (Fig. 
13~10C). In this uncommon abnormality, 
the hilum of the kidney does not face antero- 
medially. If the hilum faces ventrally, the 
kidney has retained its original position and 
has failed to rotate medially (Fig. 13~8). If 
the hilum faces dorsally, rotation of the kid- 
ney has proceeded too far; if it faces later- 
ally, malrotation (i.e., lateral rotation) has 
occurred, Abnormal rotation is often associ- 
ated with ectopic kidneys (Fig. 13-10B 
and F). 

Ectopic Kidneys (Figs. 13-108 and &). 
One or both kidneys may be in an abnormal 
position. They are lower than usual and 
malrotated. Most ectopic kidneys are located 
in the pelvis, but some are low in the abdo- 
men. 

Pelvic kidney and other forms of low kid- 





A. 


Figure 13-11 





ney result from failure of the kidneys to 
“‘ascend.’’ Pelvic kidneys may fuse to form a 
round mass known as a pancake kidney (Fig. 
13-10F). Ectopic kidneys receive their blood 
supply from blood vessels near them, and 
they are often supplied by multiple vessels. 

An unusual type of ectopic kidney is uni- 
lateral fused kidney (Fig. 13-10D). The de- 
veloping kidneys fuse while in the pelvis, and 
one kidney “‘ascends’’ to its normal position, 
carrying the other one with it across the mid- 
line. 


Crossed Renal Ectopia (Fig. 13-10D). Oc- 
casionally, during its ascent to the abdomen, 
a kidney may cross to the opposite side. When 
this occurs, the kidney may fuse with the other 
kidney, producing a single large kidney. This 
condition may be distinguished from partial dupli- 
cation of the kidney by the fact that one ureter 
descends on one side and the other descends on 
the other side of the midline to enter the bladder, 


Horseshoe Kidney (Fig. 13-11). In 1 in 


about 600 persons, the kidneys are fused 


across the midline; usually the inferior poles 
are fused. The superior poles are fused in 
Jess than 10 per cent of cases. The large, U- 


Re 


B. 





Photographs of a horseshoe kidney resulting from fusion of the inferior poles of the kidneys. 


Only rarely do the superior poles of the kidneys fuse, forming a horseshoe kidney that has its opening facing 
inferiorly. A, Anterior view. B, Posterior view. Half actual size. The larger right kidney has a bifid ureter. 
Horseshoe kidney is a rather common abnormality (in one of about 600 persons). It is asymptomatic unless 


urinary outflow is impeded. 
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Figure 13-12 Sketches illustrating common variatians of renal vessels. A and B, Multiple renal arteries. 
Note that some accessory vessels enter the poles of the kidney. Accessory rena! arteries are common, 
occurring in about 25 per cent of people. They may arise superior or inferior to the main artery, but they occur 
more frequently at the former location. The polar renal artery in 8 has obstructed the ureter and produced en 


enlarged renal pelvis. C and D, Multiple veins. 


shaped kidney usually lies in the hypogas- 
trium at the level of the lower lumbar verte- 
brae, because normal ascent was prevented 
by the root of the inferior mesenteric artery. 
Horseshoe kidney usually produces no symp- 
toms, because the collecting system usually 
develops normally and the ureters usually 
enter the bladder normally. If urinary out- 
flow is impeded, signs and symptoms of 
obstruction and/or infection may appear. 

Multiple Renal Vessels (Fig. 13-12). 
Variations in the number of renal arteries 
and in their position with respect to the renal 
veins are common. About 25 per cent of 
kidneys have two or more renal arteries. 
Supernumerary arteries, usually two or 
three, are about twice as common as super- 
numerary veins, and they usually arise at the 
level of the kidney. 

Accessory vessels may arise from the su- 
prarenal artery and pass to the superior pole 
of the kidney. Polar vessels may also arise 
from the aorta and pass to the inferior pole of 
the kidney. Sometimes, an accessory renal ar- 
tery supplying the inferior pole of the kidney 
compresses and obstructs the ureter at the 
uteropelvic junction. Variations in the blood 


supply of the kidneys are most common in 
ectopic kidneys. As the kidney moves out of 
the pelvis, it is supplied by successively 
higher vessels, and the lower vessels nor- 
mally degenerate (Fig. 13+8). Vascular varia- 
tions result from persistence of embryonic 
vessels that normally disappear when the 
definitive renal arteries form. 

Duplications of the Upper Urinary Tract 
(Figs. 13-10 and 13-13). Duplications of 
the abdominal part of the ureter and renal 
pelvis are common, but a supernumerary 
kidney is rare. These abnormalities result 
from division of the metanephric divertic- 
ulum, or ureteric bud. The extent of ure- 
teral duplication depends on how complete 
the division of the diverticulum is. Incom- 
plete division of the diverticulum results in a 
divided kidney with a bifid ureter (Fig. 13- 
10B). Complete division of the diverticulum 
resuits in a supernumerary, or double, kid- 
ney with a bifid ureter (Fig. 13~10C) or with 
Separate ureters. A supernumerary kidney 
with its own ureter probably results from the 
formation of an extra ureteric bud (Fig. 13- 
(QF). 

Ectopic Ureteric Orifices. A ureter that 
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Figure 13-13 Photographs of a kidney with two ureters and two renal pelves. Note that the kidney consists 
of two parts, each with its own renal pelvis and ureter. This melformation results from Incomplete division of 
the metanephric diverticulum (Fig. 13-98). A, Longitudinal section through the kidney showing the two renal 


pelves. 8, Anterior surface. 


opens anywhere except into the posterosu- 
perior angle of the urinary bladder will have 
an ectopic ureteric orifice. In males, ectopic 
ureteric orifices are usually in the prostatic 
portion of the urethra, but they may be in the 
prostatic utricle, or the seminal vesicle. In 
females, ectopic ureteric orifices may be in 
the urethra, the vagina, or the vestibule of 
the vagina. 

Incontinence is the common complaint 
when there is an ectopic ureteric orifice, 
because the urine flowing from the ectopic 
ureteric orifice is not entering the bladder: 
instead, it continually dribbles from the 
urethra in a male, or from the urethra or the 
vagina in a female. 

An abnormal ureteric orifice results when 
the ureter is not incorporated into the poste- 
rior part of the urinary bladder as illustrated 
in Figure 13—9. Instead, the ureter is carried 
caudaily with the mesonephric duct and is 


incorporated into the caudal portion of the 
vesical part of the urogenital sinus. Because 
this part becomes the prostatic urethra in the 
male and the urethra in the female, the 
location of ectopic ureteric orifices in each 
sex is understandable. 

When two ureters form on one side, they 
usually open into the urinary bladder (Fig. 
13-10F). In some cases, the extra ureter is 
carried caudally and drains into the urethra 
or the vagina, as discussed previously. 

Congenital Bilateral Polycystic Dis- 
ease of the Kidney. The congenital cystic 
form of this disease is relatively common; 
death occurs at or shortly after birth. The 
kidneys contain multiple small to large cysts, 
which result in severe renal insufficiency. 
There are three possible embryological ex- 
planations for these malformed kidneys: (1) 
The cysts result from failure of some meta- 
nephric tubules to join with collecting tu- 
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bules, as shown in Figure 13-6C; (2) the 
cysts develop from remnants of the first 
rudimentary nephrons, which normally de- 
generate, and (3) the collecting tubules de- 
velop abnormally. The collecting tubules fail 
to branch normally and undergo cystic dila- 
tion. Abnormal development of the collect- 
ing tubules results in failure of a normal 
number of nephrons to form from the meta- 
nephric mesoderm Current view favors ab- 
normal development of the collecting tubules 
as the cause of congenital polycystic kid- 
ney. 


DEVELOPMENT OF THE URINARY 
BLADDER AND URETHRA 


Division of the éndodermal cloaca by 
the urorectal septum into a dorsal rectum 
and a ventral urogenital sinus is illustrated tn 
Figure 12—21. For descriptive purposes, the 
urogenital sinus is divided into three parts: a 
cranial vesical part (primitive bladder contin- 
uous with the allantois), a middle pelvic part, 
and a caudal phallic part that is closed exter- 
nally by the urogenital membrane (Fig. 13- 
OF). 

The Urinary Bladder (Figs. 13-9 and 
13-14), The epithelium of the bladder ts 
derived from the endoderm of the vesical 
part of the urogenital sinus, The lamina pro- 
pria, the muscle layers, and the serosa (or 
adventitia) develop from the adjacent 
splanchnic mesenchyme. Initially, the blad- 
der is continuous with the allantois (Fig. 
13-9C), but the lumen of this vestigial struc- 
ture is soon constricted. The allantois then 
becomes a thick fibrous cord, the urachus, 
attached to the apex of the bladder and the 
umbilicus (Figs. 13~9 and 13—14). In the 
adult, the urachus is called the median um- 
bilical ligament. As the bladder enlarges, the 
caudal portions of the mesonephric ducts are 
incorporated into its dorsal wall (Fig. 13-9). 
Initially, these ducts contribute to the forma- 
tion of the mucosa of the trigone of the 
bladder, but the mesodermal epithelium 
derived from the mesonephric ducts is soon 
replaced by the endodermal epithelium of the 
urogenital sinus (Gyllensten, 1949}. As the 
mesonephric ducts are absorbed, the ureters 
come to open separately into the urinary 
bladder (Fig. 13-9C to F). Partly because of 
traction exerted by the kidneys during their 
cranial migration and partly because the 
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Figure 13-14 Photogreph of eé dissectlon of en 
18-week female fetus showing the relations of the 
urechus to the urinery bledder and the umbllical 
arteries. Note that the clitoris is stiii relatively lerge at 
this stage. 


urachus clitoris 


mesonephric ducts continue to grow down- 
ward, the ureters in males open laterally and 
cranially to the ejaculatory ducts, the adult 
derivatives of the caudal ends of the meso- 
nephric ducts (Fig. 13-24A). The caudal ends 
of the mesonephric ducts in females sub- 
sequently degenerate (Fig. 13~24B). 

In infants and children, the urinary blad- 
der, even when empty, is in the abdomen. It 
begins to enter the pelvis major at about 6 
years, but it is not entirely in the pelvis minor 
until after puberty. 

The Male Urethra (Figs. 13-9H and 13- 
15). The epithelium of the prostatic urethra 
proximal to the orifices of the ejaculatory 
ducts is derived from endoderm of the vesi- 
cal part of the urogenital sinus. The connec- 
tive tissue and the smooth muscle develop 
from adjacent splanchnic mesenchyme. The 
epithelium of the remainder of the prostatic 
urethra and the membranous urethra 1s 
derived from the endoderm of the pelvic part 
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Figure 13-15 Schematic langitudinal sectians of the developing penis illustrating development of the 
prepuce and the glandular portion of the spongy urethra. A, 11 weeks. B, 12 weeks. C, 14 weeks. 


of the urogenital sinus. The epithelium of the 
spongy urethra, except for the glandular 
part, forms from cells from the phallic part of 
the urogenital sinus, which grow into the 
urethral groove of the developing penis (Fig. 
13-27). The epithelium of the navicular fossa 
develops by canalization of an ectodermal 
cord of cells, the glandular plate, that ex- 
tends into the glans from its tip (Fig. 13-15). 
The connective tissue and smooth mucle 
develop from the adjacent splanchnic mes- 
enchyme. 

The Female Urethra (Fig. 13-9G). The 
epithelium of the entire urethra is derived 
from the endodermal vesical part of the 
urogenital sinus. The connective tissue and 
smooth muscle develop from the adjacent 
splanchnic mesenchyme. 


CONGENITAL MALFORMATIONS OF THE 
URACHUS AND URINARY BLADDER 


Urachal Malformations (Fig. 13-16). 
The adult derivative of the urachus is the 
median umbilical ligament. In fetuses, the 
urachus lies between the umbilical arteries 
and connects the urinary bladder with the 
umbilicus (Figs. 13-9 and 13-14), A remnant 
of its lumen usually persists in the inferior 
part of the urachus, and, in about 50 per cent 
of cases, the lumen is continuous with the 
cavity of the bladder (Gray and Skandalakis, 
1972). The patent inferior end of the urachus 
may dilate to form aurachal sinus that opens 
into the bladder (Fig. 13-168). The lumen in 
the superior part of the urachus may also 
remain patent and form a urachal sinus that 
opens at the umbilicus (Fig. 13-168). Very 
rarely, the entire urachus remains patent and 
forms a urachal fistula that allows urine to 
escape from its umbilical orifice (Fig. 13- 
16C). 

Remnants of the lumen of the urachus may 
later give rise to urachal cysts (Fig. 13-16). 


Small cysts are observed in about one 
third of cadavers examined, but cysts are not 
detected in living persons unless they be- 
come infected and enlarge. 
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Figure 13-16 Diagrams illustrating matforma- 
tions of the urachus. A, Urachal cysts. The most 
common site is at the superior end of the urachus, 
just inferior to the umbilicus. 8, Two types of urachal 
sinus; one is continuous with the bladder, and the 
other opens at the umbilicus. C, Patent urachus, or 
urachal fistula, connecting the bladder and umbili- 
cus. 
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Figure 13-17 Photographs of infants with exstrophy of the bladder. Because of defective closure of the 
Inferior portion of the anterior abdominal wall and the anterior wall of the bladder, the bladder appears as an 
everted bulging mass inferior to the umbilicus. A, Male. Epispadias is also present, and the penis (arrow) is 
small, flattened, and deeply fissured on the dorsal surface (see also Fig. 13-18F). (Courtesy of Dr. Colin C, 
Ferguson. Children’s Centre, Winnipeg, Canada.) 8, Female. The arrow indicates a slight prolapse of the 
rectum. (Courtesy of Mr. Innes Williams, Genitourinary Surgeon, The Hospital for Sick Children, Great Ormond 


Street, London, England.} 


Exstrophy of the Biadder (Figs. 13-17 
and 13~18). Fortunately, this severe mal- 
formation is rare, occurring about once in 
every 50,000 births. Exposure and protrusion 
of the posterior wall of the urinary bladder 
characterize this congenital abnormality, 
which occurs chiefly in males. The trigone of 
the bladder and the ureteric orifices are ex- 
posed, and urine dribbles intermittently on 
the mucous membrane of the everted blad- 
der, Epispadias (Fig. 13-18F) and wide sepa- 
ration of the pubic bones are associated with 
complete exstrophy of the bladder. In some 
cases, the penis or clitoris is divided and the 
halves of the scrotum or labia majora are 
widely separated. 

Exstrophy of the bladder is caused by 
incomplete midline closure of the inferior 
part of the anterior abdominal wall (Fig. 
13-18F). The fissure involves not only the 
anterior abdominal wall but also the anterior 
wall of the urinary bladder. The defective 


closure results from failure of mesenchymal 
cells to migrate between the surface ec- 
toderm and the urogenital sinus during the 
fourth week (Fig. 13-188 and C). As a result, 
no muscle forms in the anterior abdominal 
wall over the urinary bladder. Later, the thin 
epidermis and the anterior wall of the blad- 
der rupture, causing a wide communication 
between the exterior and the mucous mem- 
brane of the bladder. 


DEVELOPMENT OF THE SUPRARENAL 
GLANDS 


The cortex and medulla of the suprarenal 
(adrenal) glands have different origins (Fig. 
13-19): The cortex develops from mesoderm, 
and the medulla forms from neuroectoderm 
(neural crest cells). 

The cortex is first indicated during the 
sixth week by an aggregation of mesenchy- 
mal cells on each side between the root of the 
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Figure 13-18 A, C, and £, Normal stages in the development of the infreumbilical body wall and the penis 
during the fourth to eighth weeks. Note that mesoderm and later muscle reinforce the ectoderm of the 
developing anterior abdominal wall. 8B, D, and F, Probable stages in the development of exstrophy of the 
bladder and epispadias. In 8 and D, note that mesoderm feils to extend into the anterior abdominal wall 
anterior to the urinary bladder. Also note that the genital tubercle is located in a more caudal position than 
usual, and that the urethral groove has formed on the dorsal (upper) surface of the penis. In F, the surface 
ectoderm and the endodermal anterior wall of the bladder have ruptured, resulting in exposure of the bladder 
mucosa, Note that the musculature ot the anterior abdomina! wali is present on each side of the defect. Failure 


of these muscle layers to meet and fuse in the midline resulted in the rupture of the anterior abdominal wall and 
bladder. (Based on Patten and Berry, 1952.) 


dorsal mesentery and the developing gonad crest. These cells form a cellular mass on the 


(Fig. 13-20C)}. The cells that form the fetal 
cortex are derived from the coelomic epithe- 
lum lining the posterior abdominal wall, 
whereas the cells that form the medulla are 
derived from an adjacent sympathetic gan- 
glion (Fig. 13-20C), a derivative of the neural 


medial side of the fetal cortex (Fig. 13-198). 
As they are encapsulated by the fetal cortex, 
the neural crest cells differentiate into the 
chromaffin cells of the adrenal medulla. 
Concurrently, more mesenchymal cells 
arise from the coelomic epithelium and en- 
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Figure 13-19 Schematic drawings, illustrating development of the suprarenal (adrenal) glands. A, Six 
weeks, showing the mesodermal primordium of the fetal cortex. B, Seven weeks, showing the addition of the 
ectodermal primordium of the suprarenal medulla. C, Eight weeks, showing the fetal cortex and the early 
permanent cortex beginning to encapsulate the medulla. D and E, Later stages of encapsulation of the medulla 
by the cortex. F, Newborn, showing the fetal cortex and two zones of the permanent cortex. G, One year; the 
fetal cortex has almost disappeared. H, Four years, showing the aduit pattern of cortical zones. Note that the 
fetal cortex has disappeared, and that the gland is relatively smaller than it was at birth. 


close the fetal cortex. These cells will give 
rise to the permanent cortex (Fig. 13-19€). 
Differentiation of the characteristic adrenal 
cortical zones begins during the late fetal 
period. The zona giomerulosa and the zona 
fasciculata are present at birth, but the zona 
reticularis is not recognizable until about the 
end of the third year (Fig. 13-1977). 


The suprarenal gland of the human fetus is 10 to 
20 times larger than the adult gland, relative to 
body weight (Gardner, 1975), and is large com- 
pared with the kidney (Fig. 13-7). The large 
adrenals result from the extensive fetal cortex. 
The adrenal medulla remains relatively small unttl 
after birth. The adrenal glands rapidly become 
smaller postnatally as the fetal cortex regresses. 
This cortex normally disappears by the end of the 
first year. The glands lose about one third of their 
weight during the first two or three weeks after 
birth and do not regain their original weight unttl 
about the end of the second year. 

Hyperplasia of the fetal adrenal cortex during 
the fetal period usually results in female pseudo- 
hermaphroditism (Fig. 13-28). The adrenogenital 
syndrome associated with congenital adrenal hy- 
perplasia manifests itself in various clinical forms 
that, in most aspects, can be correlated with 
certain enzymatic deficiencies of cortisol bio- 
synthesis (Zurbriigg, 1975). Congenital adrenal 
hyperplasia is caused by a genetically deter- 
mined deficiency of adrenal cortical enzymes 
that are necessary for the synthesis of various 
steroid hormones (Thompson and Thompson, 
1980). The reduced hormone output results in an 
increased release of ACTH, which causes adrenal 
hyperplasia and overproduction of androgens by 
the hyperplastic adrenal glands. in females, this 
causes masculinization (Fig. 13-298). In males, 
the excess androgens may cause precocious sex- 
ual development. 


The concept of a fetoplacental unit is that there 
is mutual transport of steroid intermediates be- 
tween the fetus and the placenta. Neither the fetus 
nor the placenta can achieve entire steroid bio- 
synthesis, i.e., they complement each other. (For 
more information, see Gardner, 1975.) 

The adrenal glands are hypoplastic in anen- 
cephalic infants owing to failure of normal devel- 
opment of the pituitary gland. This results in an 
inadequate release of ACTH, which leads to fail- 
ure of normal development of the fetal adrenal 
cortex. 


THE GENITAL SYSTEM 


Although the genetic sex of an embryo ts 
determined at fertilization by the kind of 
sperm that fertilizes the ovum (see Chapter 
2), there is no morphological indication of 
sex until the seventh week, when the gonads 
(future ovaries or testes) begin to acquire 
sexual characteristics. The early genital sys- 
tem is similar in both sexes, and this inittal 
period of early genital development is re- 
ferred to as the indifferent stage of the 
reproductive organs. 


DEVELOPMENT OF THE TESTES AND 
OVARIES 


The gonads (testes and ovaries) are 
derived from three sources: the coelomic 
epithelium, the underlying mesenchyme, and 
the primordial germ cells. 

The Indifferent Gonads (Figs. 13-20 
and 13-21). Gonadal development is first 
indicated during the fifth week, when a thick- 
ened area of coelomic epithelium develops 
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illustrating the migration of primordial germ cells. 8, 
five-week embryo showing the location end extent of the 


gonadal ridges on the medial aspect of the urogenital ridges (elso see Figure 138-4F)}. C, Trensverse section 


showing the primordium of the adrenal glands, the gonadal! 


ridges, and the migretion of primordiat germ cells. 


D, Transverse section through a six-week embryo showing the primary sex cords end the developing 
paramesonephric ducts. E, Similer section et later Stage showing the indifferent gonads end the mesonephric 


and paramesonephric ducts. 


on the medial side of the mesonephros (Figs. 
13-4F and 13-20). Proliferation of the coel- 
omic epithelial cells and of the underlying 
mesenchyme produces a bulge on the medial 
side of the mesonephros known as the go- 
nadal ridge (Fig. 13-20C). Soon, finger-like 
epithelial cords, called primary sex cords, 
grow into the underlying mesenchyme (Fig. 
13-20D), The indifferent gonad now consists 
of an outer cortex and an inner medulla. In 
embryos with an XX sex chromosome com- 
plex, the cortex normally differentiates into 
an ovary, and the medulla regresses. In 
embryos with an XY sex chromosome com- 
plex, the medulla normally differentiates into 
a testis, and the cortex regresses. 

The Primordial Germ Cells (Fig. 13- 
20). Large spherical primitive sex cells, 


called primordial germ cells, are visible early 
in the fourth week among the endodermal 
celis of the wall of the yolk sac near the 
origin of the allantois. During folding of the 
embryo (see Chapter 5), part of the yolk sac 
is incorporated into the embryo, and the 
primordial germ cells migrate by ameboid 
movement along the dorsal mesentery of the 
hindgut to the gonadal ridges. During the 
sixth week, the primordial germ cells migrate 
into the underlying mesenchyme and become 
mcorporated in the primary sex cords (Fig. 
13—-20£). 

Sex Determination. Genetic sex is es- 
tablished at fertilization and depends upon 
Whether an X-bearing sperm or a Y-bearing 
Sperm fertilizes the X-bearing ovum (see 
Chapter 2). The type of gonads that develop, 











HUMAN SEX DEVELOPMENT ° 


THE GENETAL SYSTEM 


There are three statements in the Qur’an 
and Hadith regarding the stages of sex 
development. 

The first is: 


. ars * Sn - 
2 rrkee F ome 3} ane ins a pte ne 42 pete ) 
( ©) sib OFS Siey ier ar 


ENED ul gael 8) pe 
“And that he did create the two 
sexes, the male and female from 
Nutfah as it is emitted or planned”. 
(Surah An-Najm, Ayah 45,46) 


Primarily sex determination occurs at ferti- 
lization and depends upon the type of the sex 
chromosome in the sperm which fertilizes an 
ovum. An X-bearing sperm results in the 
formation of a female individual, whereas, a 
Y-bearing sperm results in the formation of a 
male individual. Hence, primary sex 
determination is controlled by the sex 
chromosomes and the genes carried by them. 
This is in agreement with the Ayah from the 
Our’an which states that either a male or a 
female will be created from the Nutfah. 
(Moore & Azzindani, 1983). 

The above Ayah is taken as reference to 
genetic sex determination. 

The second is: 


( SSUES as stator?) 
PEMA cl Moldll 3) pe 


“Then did he become a leech like 
structure then did Allah make 
(him). Then fashioned 
(straightened or smoothened him). 
Then of him made two sexes, male 
and female”. 

(Surah Al-Qiyamah, Ayah 38,39) 


No morphological indication of sex is visible 
until the seventh week, when the testes or 
ovaries begin to form. The development of the 
external genitalia begins during the early fetal 
period. This agrees with the Qur’an that sex 
development begins after the bone and 


muscles form, as is clear from the comparison 
of the following two Qur’anic texts (Moore & 
Azzindani, 1983): 


(1) 


(oS gta 


“Then We placed him as a drop 
(Nutfah) in a place of settlement 
firmly fixed”’. 


& 4 Gle SENS 3 


Atle aabsilal 3 


“Then We made the drop into a 
leech-like structure {‘Alagah)”’. 


ge eee OF Ie yt 
Cec Ae antes d Sled blocs « 


“Then We changed the leech-like 
structure into a chewed-like subs- 
tance (Mudghah)”’. 


“Then We Rae out of that 
chewed-like substance bones 
(skeleton}”. 


(.. CLM ...) 


Vere il O ga pil By tw 


“Then We clothed the bones with 
flesh (muscles)”. 
(Surah Al-Mu’minun, Ayah 13,14) 


(2) 
inn A eS. = «7 (2 aoe 
NB Sets tats Eh | 


“Was he not a drop from germinal 
fluid”? 


* See also Keith L. Moore & Abdul-Majeed A. Azzindani (1983), 8th Saudi Medical Conference Proceedings. 
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(... 58) 
“Then did he become a leech-like 
structure”? 


(... 63...) 
“Then did Allah make (him)”? 


tell 
coe Sgt eee 


“Then fashioned (straightened ‘or 
made even)”. 


Ss “ee “ 
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“Then of him He made the two 
sexes male and female”. 
(Surah Al-Qiyamah, Ayah 37-39) 


By comparison of 3 texts from the Qur’an 
(see table 1, Azzindani & Sukkar, 1983) it was 
found that there is a consistant description of 
the stages of development from the Nutfah to 
the Nash’ah stage. It is concluded that sex 
differentiation (development of the gonads) 
occurs during the stage of clothing with flesh as 
shown in the above table. 
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The third is HADITH: 
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“When forty-two nights have 
passed over the Nutfah, Allah 
sends an angel to it, who shapes it 
and makes its ears, eyes, skin, flesh 
and bones. Then he says, “O Lord! 
Is it male of female?” And your 
Lord decides what He wished and 

then the angel records it”. 
(Sahih Muslim: Kitab Al-Qadar) 
The genitalia are similar in both sexes until 
the ninth week; thereafter sexual characteris- 
tics begin to develop. Development of the 
external genitalia is not complete until the 
twelfth week, by which time the models of the 
bones have formed and the muscles have 
become attached to them which agrees with 
the above Hadith. (Moore & Azzindani, 
1983). ; 
The three texts above talk of sex develop- | 
ment and they were revealed a long time ago, ‘ 
before modern science discovered the known 1 
facts on this subject. They could have been 
understood to contradict each other before the 
facts were discovered. However, the 
knowledge of Allah is the ultimate wisdom. 4 
Therefore, when man comes to discover the | 
facts, he finds out that they are completely in ' 
agrcement with what has been revealed in the P 
Qur’an and the Hadith. 
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Figure 13-21 Schematic sections illustrating the differentiation of the indifferent gonads into testes or 
ovaries. A, Six weeks, showing the indifferent gonads composed of an outer cortex and an inner medulia. 8, 
Seven weeks, showing testes developing under the influence of a Y chromosome. Note that the primary sex 
cords have became seminiferous cords and that they are separated from the surface epithelium by the tunica 
albuginea. C, 12 weeks, showing ovaries beginning to develop in the absence of a Y chromosome influence. 
Cortical cords have extended from the surface epithelium, displacing the primary sex cords centrally into the 
mesovarium, where they form the rudimentary rete ovarii. D, Testis at 20 weeks, showing the rete testis and the 
seminiferous tubules derived from the seminiferous cords. An efferent ductule has developed from a 
mesonephric tubule, and the mesonephric duct has become the duct of the epididymis. &, Ovary at 20 weeks, 
showing the primordial follicies formed from the cortical cords. The rete ovarii derived from the primary sex 
cords and the mesonephric tubule and duct are regressing. F, Section of a seminiferous tubule from a 20-week 
fetus. Note that no lumen is present at this stage, and that the seminiferous epithelium is composed of two 
kinds of cells. G, Section from the ovarian cortex of a 20-week fetus showing three primordial follicles. 


Pe 








274 THE UROGENITAL SYSTEM 


or gonadal sex, is determined by the sex 
chromosome complex (XX or XY). Before 
the seventh week of embryonic life, the 
gonads of both sexes are identical in appear- 
ance and are referred to as indifferent 
gonads (Fig. 13-21A). 

Lhe Y chromosome has a strong testis- 
determining effect on the medulla of the 
indifferent gonad. It is the presence of the 
Y-antigen gene on the Y chromosome that 
determines testicular differentiation. Under 
the influence of the Y chromosome, the 
primary sex cords differentiate into seminif- 
erous tubules (Fig. 13-218 and D). 

The absence of a ¥ chromosome results in 
formation of an ovary (Fig. 13-21C and E),. 
Thus, the type of sex chromosome complex 
established at fertilization determines the 
type of gonad that develops from the indif- 
ferent gonad. The gonads then determine the 
type of sexual differentiation that occurs in 
the genital ducts and external genitalia. The 
androgens produced by the testes determine 
maleness. Female sexual differentiation in 
the fetus does not depend on estrogens; it 
occurs even if the ovaries are absent. 


In embryos with abnormal sex chromosome 
complexes, the number of X chromosomes ap- 
pears to be unimportant in sex determination. If a 
Y chromosome is present, the embryo develops 
as a male. If there is no ¥Y chromosome, female 
development occurs. Loss of a sex chromosome 
(as in XO females) causes ovarian dysgenesis, in 
which the ovaries are represented by gonadal 
streaks. (For a description of females with XO 
Turner syndrome, see Chapter 8 and Figure 
8-2.) 

The loss of an X chromosome does not appear 
to interfere with the migration of primordial germ 
cells to the gonadal ridges (Hamerton, 1971) be- 
cause some germ cells have been observed in the 
fetal gonads of XO females (Carr et al., 1968). 
This indicates that two X chromosomes are need- 
ed to bring about complete ovarian develop- 
ment. 

Development of Testes (Figs. 13-21B, 
D, and F, and 13-224 andC). In embryos 
with a ¥ chromosome, the primary sex cords 
condense and extend into the medulla of the 
gonad. Here they branch, and their ends 
anaSstomose to form the rete testis. The 
prominent sex cords, called seminiferous 
cords (testicular cords), soon lose their con- 
nections with the surface epithelium be- 
cause of the development of a thick: fibrous 
Capsule called the tunica albuginea (Fig. 
13-21B and D). 

The development of a thick tunica albugin- 


ea is a characteristic and diagnostic feature 
of testicular development. Gradually, the 
enlarging testis separates from the regressing 
mesonephros and becomes suspended by its 
own mesentery, the mesorchium. The semi- 
niferous cords develop into the seminiferous 
tubules, the tubull recti, and the rete testis: 
The seminiferous tubules become separated 
by mesenchyme that gives rise to the inrersti- 
tial ceils {of Leydig). The interstitial cells 
produce the male sex hormone testosterone, 
which induces masculine differentiation of 
the external genitalia. In addition to testos- 
lerone, genital duct inducer and suppressor 
substances are produced by the interstitial 
cells. As described subsequently, these sub- 
stances induce development of the meso- 
nephric ducts and suppress development of 
the paramesonephric ducts. 

The walls of the seminiferous tubules are 
composed of two kinds of cells (Fig. 13- 
21F): supporting, or sustentacular, cells of 
Sertoli, derived from the surface epithelium, 
and spermatogonia, derived from the 
primordial germ cells. The Sertoli cells 
constitute most of the seminiferous epitheli- 
um in the fetal testis (Figs. 13-21F and 13+ 
22G): : 


During later development of the testes, the 
surface epithelium flattens to form the mesothe- 
lium on the outer surface of the adult testis. The 
rete testis becomes continuous with 15 to 20 
adjacent, persistent, mesonephric tubules, which 
become efferent ductules. These ductules are 
connected with the mesonephric duct, which 
forms the ductus epididymis (Figs. 13-21B and 
D, and 13-24). 

Development of Ovaries (Figs. 13-21C, 
E, andG, and 13-22B andD). In embryos 
lacking a Y chromosome (e.g., 46,XX), 20- 
nadal development occurs slowly. The ovary 
is not positively identifiable until about the 
tenth week. The primary sex cords do not 
become prominent in the gonads of female 
embryos, but they extend into the medulla 
and form a rudimentary rete ovarii. This 
Structure and the primary sex cords normally 
degenerate and disappear (Fig. 13-21£). In 
some females, vestiges of the rete ovarii 
occur as epithelial strands, or tubules, in the 
region of the hilum (Copenhaver et al., 
1978). 


Although it is commonly stated that the sex of 
gonads can be distinguished during the embryonic 
period, it must be emphasized that a diagnosis of 
femaleness can be made only after failure to 
observe testicular characteristics in a gonad from 
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Figure 13-22 Cross sections through the gonads of human embryos and fetuses. A, Testis from an embryo 
of about 43 days, showing the prominent seminiferous or testicular cords (x 175). 8, From an embryo of about 
the same age, a gonad that may be assumed to be an ovary because of the absence of prominent primary sex 
cords (*125). C, Section of a testis from a male fetus born prematurely at about 21 weeks showing 
seminiferous tubules composed mostly of sustentacular cells (Sertoli cells). A few large spermatogonia are 
visible (x 475). Compare with Figure 13-21F, D, Section of an ovary from a 14-day-old female infant showing 
numerous primordial follicles in the cortex. The arrow indicates the relatively thin surface (‘‘germinal’’} 
epithelium (x 275). Compare with Figure 13—21G. (From van Wagenen, G., and Simpson, M. E.: Embryology of 
the Ovary and Testis. Homo sapiens and Macaca mulatta. 1965. Courtesy of Yale University Press.) 
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an embryo known to be older than seven weeks 
(Fig. 13-22B). Testes can be recognized as such in 
embryos around the end of the seventh week. 
Development of a dense fibrous tunica albuginea 
in the eighth week is a positive sign of maleness. 
Ovaries cannot be recognized as such until about 
sixteen weeks. 

During the early fetal period, secondary 
sex cords called cortical cords extend from 
the superficial epithelium, or surface epithe- 
lium of the developing ovary into the un- 
derlying mesenchyme (Fig. 13~21C). This 
cuboidal surface epithelium is derived from 
the coelomic epithelium. As the cortical 
cords increase in size, primordial germ cells 
are incorporated into them. At about 16 
weeks, the cortical cords begin to break up 
into isolated cell clusters called primordial 
follicles, which consist of an oogonium 
derived from a primordial germ cell, sur- 
rounded by a single layer of flattened follicu- 
lar cells derived from the cortical cords (Fig. 
13+21E and G). Active mitosis of oogonia 
occurs during fetal life, producing thousands 
of these primitive germ cells. No oogonia 
form postnatally. Although many oogonia 
degenerate before birth, the two million or so 
that remain enlarge to become primary oo- 
cytes. When the primary oocyte becomes 
surrounded by one or more layers of cuboi- 
dal cells, or low columnar follicular cells, the 
structure is called a primary follicle. Al- 


gonads mesonephros 







Pui 


Roy, esl 
“hte 
a3 Ry 


Ve ~ he By 7 - 
ureter 


A. d 
uterovoginal 


primordium 


phallic 


funnel-shoped opening of 
paromesonephric duct 


mesonephric duct 


vterovoginol 
primordium 


metonephros 


portion of 


though a few primary and growing follicles 
may develop prenatally as a result of stimula- 
tion of the fetal ovaries by maternal gon- 
adotropins, most follicles remain quiescent 
until puberty. The mesenchyme surrounding 
the follicles forms the ovarian stroma. (For 
details of follicular development, see Chap- 
ter 2.) 


After birth, the surface epithelium flattens to a 
single layer of cuboidal cells that is continuous 
with the mesothelium of the peritoneum at the 
hilum of the ovary. The surface epithelium used to 
be called the germinal epithelium, although there 
was no convincing evidence that it was the site of 
germ cell formation. It is now well established 
that the germ cells differentiate from the primor- 
dial germ cells (Figs. 13-20 and 13-21). 

The surface epithelium becomes separated from 
the follicles in the cortex by a thin fibrous capsule, 
the tunica albuginea, As the ovary separates from 
the regressing mesonephros, it becomes suspend- 
ed by its own mesentery, the mesovarium (Fig. 
13~21C). 


DEVELOPMENT OF THE GENITAL 
DUCTS 


Both male and female embryos have two 
pairs of genital, or sex, ducts. The male, or 
mesonephric, ducts play an important part in 
the development of the male reproductive 
system, and the female, or paramesonephric, 
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Figure 13-23 A, Sketch of a frontal view of the posterior abdominal wall of a seven-week embryo showing 
the two pairs of genital ducts present during the indifferent stage. 8, Lateral view of a nine-week fetus showing 
the sinus (mUllerian) tubercle on the posterior wall of the urogenital sinus. It becomes the hymen in females 


and the seminal collicujus in males. 


THE GENITAL SYSTEM 277 


TABLE 13-1 ADULT DERIVATIVES AND VESTIGIAL REMAINS OF EMBRYONIC 
UROGENITAL STRUCTURES* 








Male | Embryonic Structure Female 
Testis Indifferent Gonad Ovary 
Seminiferous tubales Cortex Ovarian follicles 
Rete testis. Medulla Medutlla 
Rete ovarii 
Gubernaculum testis Gubernaculum Ovarian ligament 


Roand ligament of aterus 


Ductali efferentes Mesonephric Tubules Epoophoron 

Paradidymis Paroophoron 

Appendix of epididymis Mesonephric Duct Appendix vesiculosa 

Ductus epididymis Duct of epoophoron 

Ductus deferens Duct of Gartner 

Ureter, pelvis, calyces and Ureter, pelvis, calyces and 
collecting tubules collecting tubules 


Ejaculatory duct and seminal 


vesicle 
Appendix of testis Paramesonephric Duct Hydatid (of Morgagni) 
Uterine tube 
Uterus 
Fibromuscular wall 
of vagina 
Urinary bladder Urogenital Sinus Urinary bladder 
Urethra (except -navicular fossa) Urethra 
Prostatic utricle Vagina 
Prostate gland Urethral and paraurethral glands 
Bulbourethral glands Greater vestibular glands 
Seminal colliculus Sinus Hymen 
Tubercle 
Penis Phallus Clitoris 
Glans penis Glans clitoridis 
Corpora cavernosa penis Corpora cavernosa Clitoridis 
Corpus spongiosum penis Bulb of the vestibule 
Ventral aspect of penis Urogenital Folds Labia minora 
Scrotum Labioscrotal Swellings Labia majora 





*Functional derivatives are in italics. 
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Figure 13-24 Schematic drawings illustrating development of the male and female reproductive systems 


from the genital ducts and the urogenital sinus. Vestigial structures are also shown. A, Reproductive system in 


a newborn male. 8, Female reproductive system in a 12-week fetus. C, Reproductive system in a newborn te 
male. 
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ducts play an important part in the develop- 
ment of the female reproductive system. 

The Indifferent Stage (Fig. 13-23). 
When both pairs of genital ducts are present, 
the genital duct system is in the indifferent 
stage. te 

The mesonephric ducts drain the meso- 
nephric kidneys and play an essential part in 
the development of the male reproductive 
system (Fig. 13-24A). They form the 
epididymides, the ductus deferens, and the 
ejaculatory ducts when the mesonephroi de- 
generate. In the female, the mesonephric 
ducts almost completely disappear; only a 
few remnants persist (Fig. 13-24 and 
Table 13-1). 

The paramesonephric ducts develop on 
each side from longitudinal invaginations of 
coelomic epithelium on the lateral aspects of 
the mesonephroi (Fig. 13-20C). The edges of 
these invaginations approach each other and 
fuse to form the paramesonephric ducts (Fig. 
13-20D and £). The funnel-shaped crantal 
ends of the ducts open into the coelomic, or 
future peritoneal, cavity (Fig. 13-23A). The 
paramesonephric ducts pass caudally, run- 
ning parallel to the mesonephric ducts until 
they reach the caudal region. Here they 
cross ventral to the mesonephric ducts, 
come together in the midline, and fuse into a 
Y-shaped uterovaginal primordium, or canal 
(Fig. 13-234). This tubular structure projects 
into the dorsal wall of the urogenital sinus 
and produces an elevation, called the sinus 
tubercle (Fig. 13-23 B}. A mesonephric duct 
enters the urogenital sinus on each side of 
this tubercle. 

Development of Male Genital Ducts 
and Auxiliary Genital Glands (Figs. 13-24 
and 13-25). The fetal testes produce a 
nonsteroidal inducer substance and andro- 
gens. The inducer substance stimulates de- 
velopment of the mesonephric ducts into the 
male genital tract, and suppresses develop- 
ment of the paramesonephric ducts. Because 
the inducer substance also suppresses devel- 
opment, it is often called a suppressor sub- 
stance when it is performing this role. 

When the mesonephros degenerates, some 
mesonephric tubules near the testis persist 
and are transformed into efferent ductules, 
or ductuli efferentes (Fig. 13-24A). These 
ductules open into the mesonephric duct, 
which becomes the ductus epididymis in this 
region. Beyond the epididymis, the meso- 
nephric duct acquires a thick investment of 
smooth muscle and becomes the ductus def- 
erens. 
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Figure 13-25 A, Dorsal view of the developing 
prostate gland in an 11-week fetus. B, Sketch of a 
sagittal section of the developing prostate glend 
showing the numerous endodermal outgrowths from 
the prostetic urethre. The vestigiel prostatic utricle is 
also shown. C, Section of the prostete gland et ebout 
16 weeks. 


A lateral outgrowth from the caudal end of 
each mesonephric duct gives rise to a semi- 
nail vesicle. The part of the mesonephric duct 
between the duct of this gland and the 
urethra becomes the ejaculatory duct. The 
remainder of the male genital duct system 
consists of the urethra (Fig. 13-24A). 


The Prostate Gland (Fig. 13-25). Multiple en- 
dodermal outgrowths arise from the prostatic por- 
tion of the urethra and grow into the surrounding 
mesenchyme. The glandular epithelium of the 
prostate differentiates from these endodermal 
celis, and the associated mesenchyme differen- 
tiates into the dense stroma and smooth muscle 
fibers of the prostate. 

The Bulbourethral Glands (Fig. 13-24A). These 
pea-sized structures, develop from paired en- 
dodermal outgrowths from the membranous por- 
tion of the urethra. The smooth muscle fibers and 
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Figure 13-26 A, Schematic drawing of 6 sagittal section of the caudal region of a nine-week female fetus. 
B, Transverse section showing the paremesonephric ducts epproaching each other. C, Similar section et e 
lower level illustreting the fused paramesonephric ducis. A remnant of the septum that Initlally separates them 
is shown. D, Similar section showing the uterovaginal primordium, the broad ligement, and the pouches in the 
pelvic cavity. Remnants of the mesonephric ducts may persist as ducts of Gartner or give rise to cysts (see 


Figure 13-24C). 


the stroma differentiate from the adjacent me- 
senchyme. 

Development of Female Genital Ducts 
and Auxiliary Genital Glands (Figs. 13- 
248 and C and 13~26). In embryos with 
ovaries, the mesonephric ducts regress and 
the paramesonephric ducts develop into the 
female genital tract. Although the testes are 
essential to the stimulation of male sexual 
development, female sexual development in 
the fetus does not depend on the presence of 
ovaries. 

The cranial, unfused portions of the para- 
mesonephric ducts develop into the uterine 
tubes, and the caudal, fused portions form 
the uterovaginal primordium, which gives 
rise to the epithelium and glands of the 
uterus and to the fibromuscular vaginal wall. 
The endometrial stroma and the myome- 
trium are derived from the adjacent me- 
senchyme. 

The uterus is mainly an abdominal organ 
in the newborn infant, and its cervix is 


relatively large. During puberty (13 to 15 
years) the uterus grows rapidly. 


Similar development of the paramesonephric 
ducts occurs in males if the testes fail to develop 
or if they are removed before the initiation of 
differentiation of the genital ducts (Jost, 1970). 
Removal of the ovaries of female embryos, how- 
ever, has no effect on fetal sexual development 
(Jost, 1961). This suggests that the testes impose 
masculinity and repress femininity, and that the 
ovaries are not necessary for primary sexual de- 
velopment. 

Fusion of the paramesonephric ducts also 
brings together two peritoneal folds, forming 
right and left broad ligaments and two peri- 
toneal compartments of the pelvic cavity, the 
rectouterine pouch and the vesicouterine 
pouch (Fig. 13-26B to D). 

Along the sides of the uterus, between the 
layers of the broad ligament, the mesen- 
chyme proliferates and differentiates into 
loose connective tissue and smooth muscle, 
known as the parametrium. 
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Development of the Vagina (Fig. 13- 
248 and C). The vaginal epithelium is 
derived from the endoderm of the urogenital 
sinus, and the fibromuscular wall of the 
vagina develops from the uterovaginal pri- 
mordium. Contact of the uterovaginal pri- 
mordium with the urogenital sinus (Fig. 13- 
_ 23) induces the formation of paired endoder- 
mal outgrowths, called sinovaginal bulbs. 
They extend from the urogenital sinus into 
the caudal end of the uterovaginal primor- 
dium. The sinovaginal bulbs soon fuse to 
form a solid cord, the vaginal plate (Fig. 
13-248). Later, the central cells of this plate 
break down, forming the lumen of the vagi- 
na, The peripheral cells remain as the vaginal 
epithelium (Fig. 13-—24C). 

Until late fetal life, the lumen of the vagina 
is separated from the cavity of the urogenital 
sinus by a membrane called the hymen (Figs. 
13-24C and 13-27H). The hymen usually 
ruptures during the perinatal period and re- 
mains as a thin fold of mucous membrane 
around the entrance to the vagina. 


There has been much controversy about the 
origin of the vagina. Some authorities consider the 
superior one third of the vaginal epithelium to be 
derived from the uterovaginal primordium and the 
inferior two thirds from the urogenital sinus 
(Cunha, 1975; O’Rahilly, 1977}. 

The prostatic utricle, a small diverticulum that 
opens on the seminal colliculus in the prostatic 
urethra (Fig. 13-24A), is probably homologous to 
the vagina. Formerly, it was considered to repre- 
sent the remains of the uterovaginal primordium 
and to be homologous to the uterus. 

The seminal colliculus, a small elevation in the 
posterior wall of the prostatic urethra, is the 
adult derivative of the sinus tubercle and is 
homologous to the hymen in the female. 

Auxiliary Genital Glands. In the female, buds 
grow out from the urethra into the surrounding 
mesenchyme and form the urethral glands and the 
paraurethral glands (of Skene). These two sets of 
glands correspond to the prostate gland in the 
male. Similar outgrowths from the urogenital 
sinus form the greater vestibular glands (of Barth- 
olin}, which are homologous with the bul- 
bourethral glands in the male (Table 13-1). 

Vestigial Structures Derived from the 
Genital Ducts (Fig. 13-24 and Table 13- 
1). During conversion of the mesonephric 
and paramesonephric ducts into adult struc- 
tures, some parts may remain as vestigial 
structures. These vestiges are rarely seen 
unless pathological changes develop in them. 


Mesonephric Remnants in Males. The blind cra- 
nial end of the mesonephric duct may persist as an 


appendix of the epididymis; it is usually attached 
to the head of the epididymis. Caudal to the 
efferent ductules (ductuli efferentes), some meso- 
nephric tubules may persist as a small body called 
the paradidymis (Fig. 13-24A). 

Mesonephric Remnants in Females. The cranial 
end of the mesonephric duct may persist as a 
cystic appendix vesiculosa. A few blind tubules 
and a duct, called the epoophoron, corresponding 
to the efferent ductules and duct of the epididymis 
in the male, may persist in the broad ligament 
between the ovary and uterine tube. Closer to the 
uterus, some rudimentary tubules may persist as 
the paroophoron. Parts of the mesonephric duct, 
corresponding to the portions of the mesonephric 
duct that form the ductus deferens and the eja- 
culatory duct, may persist as the duct of Gartner 
in the broad ligament along the lateral wall of the 
uterus, or in the wall of the vagina. These rem- 
nants may give rise to Gartner’s duct cysts (Fig. 
13-24C). 

Paramesonephric Remnants in Males. The cra- 
nial end of the paramesonephric duct may persist 
as the vesicular appendix of the testis attached to 
the connective tissue investing the superior pole 
of the testis (Fig. 13-244). 

Paramesonephric Remnants in Females. Part of 
the cranial end of the paramesonephric duct that 
does not contribute to the infundibulum of the 
uterine tube may persist as a vesicular appendage 
to the tube, called ahydatid of Morgagni (Fig. 13- 
24C). 


DEVELOPMENT OF THE EXTERNAL 
GENITALIA 


The early development of the external gen- 
italia is similar in both sexes. Distinguishing 
sexual characteristics begin to appear during 
the ninth week, but the external genital 
organs are not fully formed until the twelfth 
week, 

The indifferent Stage (Fig. 13-27A 
and B). The external genitalia also pass 
through an undifferentiated state before dis- 
tinguishing sexual characteristics appear. 
Early in the fourth week, a genital tubercle 
develops at the cranial end of the cloacal 
membrane. Labioscrotal swellings and uro- 
genital folds soon develop on each side of 
the cloacal membrane. The genital tubercle 
soon elongates to form a phallus, which is as 
large in femafes asin males. 

When the urorectal septum fuses with the 
cloacal membrane at the end of the sixth 
week, it divides the cloacal membrane into a 
dorsal anal membrane and a ventral urogeni- 
tal membrane. These membranes rupture a 
week or so later, forming the anus and the 
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Figure 13-27 A and B, Diagrams illustrating development of the external genitalia during the indifterent 
stage (four to seven weeks). C, E, and G, Stages in the development of male external genitalia at about 9, 11, 
and 12 weeks, respectively. To the left are schematic transverse sections (C,, E, to £3, and G,) through the 
developing penis itlustrating formation of the spongy urethra D, F, and H, Stages in the development of 
temale external genitalia at 9, 11, and 12 weeks, respectively. 
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urogenital orifice, respectively. A urethral 
groove that is continuous with the urogenital 
orifice forms on the ventral surface of the 
phallus. 

Development of Male External Geni- 
talia (Figs. 13-15 and 13-27C, E—, and 
G). Masculinization of the indifferent ex- 
ternal genitalia is caused by androgens pro- 
duced by the testes. As the phallus elongates 
to form the penis, it pulls the urogenital folds 
forward. These folds form the lateral walls of 
the urethral groove, which is on the ventral 
surface of the penis. This groove is lined by 
an extension of endoderm, the urethral plate 
(Fig. 13-27C), from the phallic portion of 
the urogenital sinus. The urogenital folds 
fuse with each other along the ventral sur- 
face of the penis to form the spongy urethra. 
As a result, the external urethral orifice 
moves progressively toward the glans of the 
penis. 

At the tip of the glans, an ectodermal 
ingrowth forms a cellular cord called the 
glandular plate (Fig. 13-154). Subsequent 
splitting of this plate forms a groove on the 
ventral surface of the glans that is continuous 
with the urethral groove in the body of the 
penis (Fig. 13-27E). Closure of the urethral 
groove on the glans moves the external 
urethral orifice to the tip of the glans and 
joins the two parts of the spongy urethra 
(Fig. 13~15C). 

During the twelfth week, the prepuce is 
developed by a circular ingrowth of the ec- 
toderm at the periphery of the glans penis 
(Fig. 13-158). This septum then breaks down 
except for a small area ventral to the glans 
that forms the frenulum. After breakdown of 
the septum, the skin and fasciae of the penis 
are prolonged as a free-fold, or double layer 
of skin called the prepuce (L., foreskin), 
which covers the glans penis for a variable 
extent. For some time, the prepuce is fused 
to the glans and is usually not retractable at 
birth. Breakdown of the fused surfaces nor- 
mally occurs during infancy. The corpora 
cavernosa penis and the corpus spongiosum 
penis arise from the mesenchymal tissue in 
the phallus. The labioscrotal swellings grow 
toward each other and fuse to form the scro- 
tum (Fig. 13-27E and G). 

Development of Female External Geni- 
talia (Fig. 13~27D, F, and H). In the ab- 
sence of androgens, feminization of the indif- 
ferent external genitalia occurs. The phallus 
elongates rapidly at first, but its growth grad- 


ually slows, and it becomes the relatively 
small clitoris. The clitoris develops like the 
penis, but the urogenital folds do not fuse, 
except posteriorly, where they fuse to form 
the frenulum of the labia minora (four- 
chette). The unfused urogenital folds form 
the labia minora. The labioscrotal folds fuse 
posteriorly to form the posterior labial com- 
missure and anteriorly to form the anterior 
labial commissure and a rounded elevation, 
the mons pubis. The labioscrotal folds re- 
main largely unfused and form two large 
folds of skin called the /abia majora. The 
phallic part of the urogenital sinus gives rise 
to the vestibule of the vagina, into which the 
urethra, the vagina, and the ducts of the 
greater vestibular glands open. 


CONGENITAL MALFORMATIONS OF 
THE GENITAL SYSTEM 


Because an early embryo has the potential 
to develop as either a male or a female, 
errors in sex development may result in 
various degrees of intermediate sex, a condi- 
tion known as intersexuality, or hermaphro- 
ditism. A person with ambiguous external 
genitalia is called an intersex, or a herma- 
phrodite. Intersexua! conditions are classi- 
fied according to the histological appearance 
of the gonads. 

True hermaphrodites have both ovarian 
and testicular tissue. Some false hermaphro- 
dites, or pseudohermaphrodites, have testes 
and are called male pseudohermaphrodites; 
others have ovaries and are known as female 
pseudohermaphrodites. Fortunately, true 
hermaphroditism is extremely rare and pseu- 
dohermaphroditism is relatively uncommon, 
occurring about once in 25,000 births. 


The terms hermaphrodite and intersex are not 
applied to persons with conditions such as Kline- 
feller syndrome or Tumer syndrome in which the 
exlema! genitalia are not ambiguous (see dis- 
cussion and illustrations in Chapter 8). 

Sex chromatin and chromosome studies 
assist in the clinical evaluation of persons 
with ambiguous external genitalia (Table 13- 
2). With the exception of true hermaphro- 
dites, the sex chromatin pattern and Karyo- 
type usually correspond to the gonadal sex. 

Female Pseudohermaphrodites (Figs. 
13-28 and 13-29 and Table 13-2). These 
persons have chromatin-positive nuclei (see 
Fig. 8-9B) and a 46,XX chromosome consti- 
tution. 
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Figure 13-28 Photographs of the externa! genitalia of female pseudohermaphrodites resulting from 
congenital virilizing adrenal hyperplasia. The degree of labioscrotal fuslon and clitoral hypertrophy depends 
upon the stage of differentiation at which the fetus is exposed, as well as upon the biological potency of the 
androgens produced by the hyperplastic adrenal glands. A, External genitalia of a newborn female, exhibiting 
enlargement of the clitoris and fusion of the labia majora. 8, External genitalia of a female infant showing 
considerable enlargement of the clitoris. The labia majora are rugose as In a scrotum. C and D, External 
genitalia of a six-year-old girl showing an enlarged clitoris and fused Jabla majora forming a scrotum-llke 
structure. in D, note the glans clitoridis and the opening of the urogenita! slnus (arrow). See also Figure 13~ 


298. 


The most common single cause of female 
pseudohermaphroditism is the adrenogenital 
syndrome, resulting from congenital viriliz- 
ing adrenal hyperplasia. There is no ovarian 
abnormality, but the excessive adrenal pro- 
duction of androgens causes masculinization 
of the external genitalia during the fetal 
period, varying from enlargement of the cli- 
toris to almost masculine genitalia. Com- 
monly, there is clitoral hypertrophy, partial 


fusion of the labia majora, and a persistent 
urogenital sinus (Fig. 13-29). In extremely 
rare cases, fusion of the labioscrotal and 
urogenital folds is so complete that the 
urethra traverses the clitoris. Infants with 
such advanced masculinization are raised as 
males. 

Infants with the adrenogenital syndrome 
(hyperfunction of the adrenal cortices asso- 
ciated with ambiguous external genitalia) 


THE GENITAL SYSTEM 285 


urinary bladder 
normal uterus normal 


and tube ovary 






vreser 





Figure 13-29 Schematic lateral views of the te- 
male urogenital system. A, Normal. 8, Female pseu- 
dohermaphroditism caused by congenital virilizing 
adrenal hyperplasia. Note the enlarged clitoris and 
the persistent urogenital sinus induced by adrenal 
androgens produced by the female’s hyperplastic 
adrenal glands. 
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TABLE 13-2 DIFFERENTIAL DIAGNOSIS OF PERSONS WITH AMBIGUOUS 
EXTERNAL GENITALIA* 





Sex Chromatin Pattern 


Chromatin positive Chromatin negative 
i 


17-ketosteroid output elevated i7-ketosteroid output normal 1) Male pseudohermaphrodite 
‘ 


Congenital virilizing adrenal 2} True hermaphrodite 


hyperplasia 


3) Mixed gonadal dysgenesis 


4) Gonadal dysgenesis with phallic 
enlargement 


History of maternal hormone 
ingestion | 
Female pseudohermaphrodite 


owing to maternal androgens 
or progestins —_, 


Exploratory laparotomy not 
required 


No history of maternal hormone 
ingestion 


t) Nonandrogenic female 
pseudohermaphrodite 


2) True hermaphrodite 


3) Chromatim positive male 
pseudohermaphrodite 


Exploratory laparotomy, gonadal 


biopsies and chromosome studies 


usually required 


5) Gonadal dysgenesis with male 
pseudohermaphroditism 


Exploratory laparotomy, gonadal 
biopsies and chromosome studies 
usually required 





-*Based on Federman (1967}, Hamerton (1971) and Gray and Skandaljakis (1972). For full discussions of the 
differential diagnosis of patients with ambiguous and abnormal genitalia, see Schlegel and Gardner (1975), Page et al. 


(1981), and Villee (1975). 
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are the most frequently encountered group of 
intersexes, accounting for about one half of 
all such cases. 

Prompt recognition and treatment of the 
associated adrenal imbalance are most im- 
portant (Schlegel and Gardner, 1975). Sever- 
al distinct genetic and clinical forms of this 
condition are known, all inherited as auto- 
somal recessive traits (Thompson and 
Thompson, 1980). Each is characterized by 
a block in a specific step in cortisol biosyn- 
thesis, resulting in an increased secretion of 
ACTH and hyperplasia of the fetal supra- 
renal glands. This results in masculinization 
of female fetuses. If the condition is not 
treated, the vinlization continues into adult- 
hood. 


Female pseudohermaphrodites who do not 
have congenital virilizing adrenal hyperplasia are 
very rare. The administration of certain proges- 
tins to a mother during pregnancy may cause 
similar abnormalities of the fetal external genitalia 
(see Tabie 8-3 and Fig. 8-16). In rare instances, a 
masculinizing tumor such as arrhenoblastoma in 
the mother has caused female pseudohermaphro- 
ditism in her infant. 

Male Pseudohermaphrodites (Table 
13-2). These intersexes usually have 
chromatin-negative nuclet (see Fig. 8-9A) 
and a 46,XY chromosome constitution. The 
external and internal genitalia are variable, 
owing to varying degrees of development of 
the phallus and the paramesonephric ducts, 
caused by inadequate production of testos- 
terone and inducer/suppressor substances 
by the fetal testes. Male pseudoherma- 
phroditism would also result tf the fetal hor- 
mones were produced after the period of 
tissue sensitivity of the sexual structures 
had passed. 

True Hermaphrodites (Table 13-2). 
Persons with this extremely rare condition 
usually have chromatin-positive nuclei and a 
46,XX% chromosome constitution. Some 
have chromatin-negative nuclei and a 
46,.XY chromosome constitution, and others 
are mosaics (persons with more than one cell 
population, e.g., XX/XY). 

True hermaphrodites have both testicular 
and ovarian tissue, either as two separate 
organs or as a single ovotestis. These tissues 
are not usually functional, but they are histo- 
logically identifiable. Oogenesis and sperma- 
togenesis may occur in the same patient 
(Greene et al., 1954). The physical appear- 
ance may be male or female, but the external 


genitalia are ambiguous. This condition re- 
sults from an error in sex determination, and 
ovotestes form if both the medulla and the 
cortex of the indifferent gonads develop. 


CONDITIONS RELATED To 
INTERSEXUALITY 


Testicular Feminization (Fig. 13-30). 
Persons with this rare condition appear as 
normal females despite the presence of testes 
and XY sex chromosomes. The external 
genitalia are female, but the vagina ends 
blindly in a pouch, and the uterus and uterine 
tubes are absent or rudimentary. 

At puberty, there is normal development 
of breasts and female appearance, but men- 
Struation does not occur and pubic hair may 
be scanty or absent. The psychosexual orien- 
fation of these persons is entirely female. 


The testes are usually intra-abdominal or in- 
guinal, but they may descend into the labia ma- 
jora. 

The testes produce normal levels of testos- 
terone. It is firmly established that the absence of 
masculinization results from a resistance to the 
action of testosterone at the peripheral cellular 
level in the ltabioscrotal and urogenital folds. 
Current evidence suggests that the defect is in the 
androgen receptor mechanism. The inducer and 
suppressor substances produced by the fetal 
testes normally cause male duct development 
{e.g., ductus epididymis) and suppress female 
duct development (e.g., absence of the uterus and 
uterne tubes). 

Embryologically, these females represent an 
extreme form of male pseudohermaphroditism, 
but they are not intersexes in the usual sense 
because they have normal feminine external geni- 
talia. These patients are always reared as fe- 
maies. Usually, the testes are removed as soon as 
they are discovered to avoid adverse effects on 
the psychosexual orientation of the individual. 

The condition is genetically determined and 
appears to be transmitted as a sex-linked reces- 
sive gene. Testicular feminization occurs in about 
1 in 50,000 females. This error in sex develop ment 
is often detected when these females seek medica] 
advice about primary amenorrhea (failure of men- 
Struation to begin at puberty), sterility, or inguinal 
hernia, or when they undergo sex tests (buccal 
smears for sex chromatin determination) before 
participating in international athletic events. 

Mixed Gonadal Dysgenesis. Persons with 
this very rare condition usually have chromatin- 
negative nuclei, a testis on one side, and an 
undifferentiated gonad on the other. The internal 
genitalia are female, but male derivatives of the 
mesonephric ducts are sometimes present. The 
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external genitalia range from normal female, 
through intermediate states, to normal male. At 
puberty, neither breast development nor menstru- 
ation occurs, but varying degrees of virilization 
are common. For a full discussion of gonadal 
dysgenesis and its vanants, see Hamerton 
(1971) and Moore (1967). 

Hypospadias (Fig. 13-31A to C). Once 
in about every 300 males, the external 
urethral orifice is on the ventral surface of 
the penis instead of at the tip of the glans. 
Usually, the penis is underdeveloped and 
curved downward, or ventrally, a condition 
known as chordee. 

There are four types of hypospadias: glan- 
dular, penile, penoscrotal, and perineal. The 
glandular and penile types constitute about 
80 per cent of cases. Hypospadias 1s the 





Figure 13-30 A, Photograph of a 17-year-oid 
female with the testicular feminization syndrome. 
The external genitalia are female, bul the patient 
is 46.XY and has testes. B, Photomicrograph of a 
section through a testis removed from the in- 
guinal region of this girl showing seminiferous 
tubules lined by Sertoli cells. There are no germ 
cells and the Interstitial cells are hypoplastic. 
(From Jones, H. W., and Scott, W. W.: Herma- 
phroditism, Genital Anomalies and Related Endo- 
crine Disorders. 1958. Courtesy of the Williams & 
Wilkins Co., Baltimore.) 


result of an inadequate production .of an- 
drogens by the fetal testes, which results in 
failure of fusion of the urogenital folds and 
incomplete formation of the spongy urethra. 
Differences in the timing and the degree of 
hormonal failure account for the variety of 
hypospadias. 


In perineal hypospadias (not illustrated), the 
labioscrotal folds also fail to fuse. The external 
urethral orifice is located between the unfused 
halves of the scrotum. Because the genitalia in 
this rare type are ambiguous, persons with peri- 
neal hypospadias and cryptorchidism (undescend- 
ed testes) are sometimes diagnosed as male pseu- 
dohermaphrodites. 

Epispadias (Fig. 13-31D). Once in about 
30,000 male infants, the urethra opens on the 
dorsal surface of the penis. Although epispadias 
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Figure 13-31 Photographs of penile malformations. A, Glandular hypospadias. This constitutes the 
simplest and most common form of hypospadias. The external urethral orifice is indicated by the arrow. There 
is a shallow pit at the usual site of the orifice. Note that the prepuce does not encircle the glans and that there Is 
a moderate degree of chordee, causing the penis to curve ventrally. (From Jolly, H.: Diseases of Children. 2nd 
ed. 1968. Courtesy of Blackwell Scientific Publications.) 8, Penile hypospadias. The penis is short and curved 
(chordee). The external urethral orifice (arrow) is near the penoscrotal junction. C, Penoscrotal hypospadias. 
The external urethral orifice (arrow) is located at the penoscrotal junction. D, Epispadias. The external urethra! 
orifice (arrow) is on the dorsal (upper) surface of the penis near its origin. (Courtesy of Mr. Innes Williams, 
Genitourinary Surgeon, The Hospital for Sick Children. Great G@rmond Street, London, England.) 


may Occur as a separate entity, itis often associat- 
ed with exstrophy of the bladder (Fig. 13-18F). 
The defect may involve the glans or the entire 
penis. 

The embryological basis of epispadias is un- 
clear, but it appears that the genital tubercle 
develops more caudally than in normal embryos 
(Fig. 18-188), and when the urogenital membrane 
ruptures, the urogenital sinus opens on the dorsal 


surface of the penis, where the urethral groove 
subsequently develops. 

Epispadias also occurs in females, but it is very 
rare. It consists of a fissure in the superior wall of 
the urethra that opens on the dorsal surface of the 
clitoris. 

Agenesis, or Absence, of the Penis. This 
extremely rare condition results from failure of 
the genital tubercle to develop. The urethra usual- 
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ly opens into the perineum near the anus. Usually 
the scrotum is normal and the testes descend into 
it. 

Bifid Penis and Double Penis. These abnor- 
malities are very rare. Bifid penis results from 
failure of fusion of the two parts of the genital 
tubercle, and is often associated with exstrophy of 
the bladder (Fig. 13-17). Double pems results 
from the formation of two genital tubercles. These 
malformations are often associated with urimary 
tract abnormalities and imperforate anus. 

Micropenis. The penis is so small that if is 
almost hidden by the suprapubic pad of fat. This 
condition results from a functional hormonal defi- 
ciency of the fetal testes and is commonly asso- 
ciated with hypopituitarism, 

Retroscrotal Penis, or Transposition of the 
Penis and Scrotum. The penis ts located poste- 
rior to the scrotum. This condition appears to 
result from failure of the labioscrotal folds to shift 
caudally as they fuse to form the scrotum. Anoth- 
er possibility is that the labioscrotal folds develop 
anterior to the genital tubercle and then fuse to 
form the scrotum. 


UTEROVAGINAL MALFORMATIONS 


Various types of uterine duplication and 
vaginal malformation result from the follow- 


ing: (1) improper fusion of the parameso- 
nephric ducts, which causes malformation of 
the uterovaginal primordium (Figs.. 12-23, 
13-24, and 13-32), (2) incomplete develop- 
ment of one paramesonephric duct; (3) fail- 
ure of parts of one or both ducts to develop; 
and (4) incomplete canalization of the vaginal 
plate (Fig. 13-24). Double uterus (uterus 
didelphys), resulting from failure of fusion of 
the inferior parts of the paramesonephric 
ducts, may be associated with a double or a 
single vagina (Fig. 13-32A and 8). if the 
doubling involves only the superior portion 
of the hody of the uterus, the condition 1s 
called bicornuate uterus (Fig. 13-32C and 
D). If one paramesonephric duct is retarded 
in its growth and does not fuse with the other 
duct, a bicornuate uterus with a rudimentary 
horn develops (Fig. 13-32D). This rudimen- 
tary horn may not communicate with the 
cavity of the uterus, In this case, the endo- 
metrium of the rudimentary horn may under- 
go cyclic menstrual! bleeding, leading to dis- 
tention of the horn because the blood cannot 
pass to the vagina, In some cases, the uterus 
appears normal externally but is divided in- 
ternally by a thinseptum (Fig. 13-32). Very 





Figure 13-32 Drawings illustrating various types of congenital uterine abnormalities. A, Double uterus 
(uterus didelphys) and double vagina. 8B, Double uterus with single vagina. C, Bicornuate uterus. D, Bicornuate 
uterus with a rudimentary left horn. E, Septate uterus. F, Unicornuate uterus. 
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rarely, one paramesonephric duct degener- 
ates or fails to form. This results in a wni- 
cornuate uterus with one uterine tube (Fig. 
13~32F). Absence of the uterus results when 
the paramesonephric ducts degenerate (as 
they normally do in male fetuses). When 
these ducts fail to develop, failure of induc- 
tion of the vagina usually occurs also because 
the sinovaginal bulbs are induced to form by 
the contact of the uterovaginal primordium 
with the urogenital sinus. 

Once in about every 4000 females a condi- 
tion known as absence of the vagina occurs. 
This results from failure of the sinovaginal 
bulbs of the urogenital sinus to develop. and 
form the vaginal plate. When the vagina is 
absent, the uterus is usually absent also, for 
the reason mentioned previously. Complete 
absence of the vagina usually creates serious 
psychological problems (Page et al., 1981). 
Fortunately, an artificial vagina can be con- 
structed. 

Failure of canalization of the vaginal plate 
results in vaginal atresia. The most minor 
type results from failure of the hymen to 
rupture, a condition known as imperforate 
hymen. Membranous occlusion at higher lev- 
els also occurs and may be mistaken for 
imperforate hymen. In either case, if there is 
an excessive secretion of watery fluid, a 
conditton known as hydrometrocolpos (dis- 
tention of the uterus and vagina by fluid 
other than blood or pus} develops. 


DEVELOPMENT OF THE INGUINAL 
CANALS 


The inguinal canals form pathways for the 
testes to descend through the anterior ab- 
dominal wall into the scrotum. Inguinal 
canals develop in female embryos even 
though the ovaries do not enter the inguinal 
canals, except under extremely rare inter- 
sexual conditions. 

As the mesonephros degenerates, a liga- 
ment called the gubernaculum descends on 
each side of the abdomen from the inferior 
poles of the gonads (Fig. 13-33A). Each 
gubernaculum passes obliquely through the 
developing anterior abdominal wall (sites of 
the future inguinal canals) and attaches to a 
labioscrotal swelling (future half of scrotum 
or a labium majus). Later, an evagination of 
peritoneum, the processus vaginalis, devel- 
ops on each side ventral to the gubernaculum 
and hermates through the lower abdominal 
wall along the path formed by the gubernacu- 


lum (Fig. 13-338). Each processus vaginalis 
carries extensions of the layers of the ab- 
dominal wall before it that form the walls of 
the inguinal canal. In males, they also be- 
come the coverings of the spermatic cord 
and testis (Fig. 13-33E). The opening pro- 
duced in the transversalis fascia by the pro- 
cessus vaginalis becomes the deep inguinal 
ring, and the opening in the external oblique 
aponeurosis forms the superficial inguinal 
ring. 

Descent of the Testes (Fig. 13-33). By 
about 28 weeks, the testes have descended 
from the posterior abdominal wall to the 
deep inguinal rings. This change occurs as 
the pelvis enlarges and the trunk of the 
embryo elongates. Because the gubernacu- 
lum does not grow as rapidly as the body 
wall, the testis descends. Little is known 
about the cause(s) of testicular descent 
through the inguinal canals and into the 
Scrotum, but it is generally believed that the 
process is controlled by hormones (gonado- 
tropins and androgens). 


The exact role of the gubernacuium in this 
process is uncertain. Initially, it forms a path 
through the anterior abdominal wall for the pro- 
cessus vaginalis to follow during formation of the 
inguinal canal. The gubernaculum also anchors 
the testis to the scrotum and appears to aid the 
descent of the testis. It is generally believed, 
however, that the gubernaculum does not pull the 
testis into the scrotum. Passage of the testis 
through the inguinal canal may be aided by the 
increase in intra-abdominal pressure that results 
from the growth of the abdominal viscera. There 
ig agreement that gonadotropic and androgenic 
hormones regulate testicular descent; this belief is 
supported by clinical evidence that the adminis- 
tration of these hormones induces descent in 
many cases of cryptorchidism or undescended 
testis (Brunet et al., 1958). At one time, injections 
of human chorionic gonadotropin (hCG) were 
often used in the treatment of cryptorchidism 
(undescended testes); however, most people be- 
lieve that hormones will cause the descent of only 
those testes that would descend anyway in the 
course of time (Villee, 1975). 

Descent of the testis through the inguinal 
canal usually begins during the twenty-eighth 
week and takes two or three days. The testis 
moves posterior to the peritoneum and the 
processus vaginalis. About four weeks later 
(about 32 weeks), the testis enters the scro- 
tum. After the testis passes into the scrotum, 
the inguinal canal contracts around the sper- 
matic cord. In full-term newborn boys, over 
97 per cent have both testes well down in the 





THE GENITAL SYSTEM 291 


developing muscles 
in anterior abdominal testis testis 
wall 


rectum 


pracessus vaginalis 










B. 





gubernaculum labioscratal fold 
urinary ductus 
muscular wall of abdomen bladder deferens 


ductus 
deferens 


testis behind 
pracessus 
vaginalis 

testis 





D. gubernaculum 


enis {cut testis 
pracessus gubernaculum P (cut) 


vaginalis external ablique 





ductus deferens 


peritaneum 






internal ablique 


transversus 
abdaminis 


transversalis fascia 


spermatic card 


remnant of 
stalk of 


pracessus 
vaginalis vaginalis 









tunica 
vaginalis 


processus 


stalk of pracessus vaginalis external spermatic fascia internal spermatic fascia 





cremasteric fascia and muscle 


Figure 13-33 Schematic diagrams illustrating formation of the inguinal canals and descent of the testes. A, 
Sagittal section of a seven-week embryo showing the testis betore its descent trom the dorsal abdominal wall. 
B and C, Similar sections at about 28 weeks showing the processus vaginalis and the testis beginning to pass 
through the inguina! canal. Note that the processus vaginalis carries fascial layers of the abdominal wall before 
it. D, Frontal section of a fetus about three days later, illustrating descent of the testis posterior to the processus 
vaginalis. The processus vaginalis has been cut away on the left side to show the testis and the ductus 
deferens. E, Sagittal section of a newborn intant showing the processus vaginalis communicating with the 
peritoneal cavity by a narrow canal or staik. F, Similar section of a one-month-old infant after obliteration of the 
stalk of the processus vaginalis. Note that the extended tasciai layers of the abdominal wall now form the 
coverings of the spermatic cord. 
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scrotum (Scorer, 1974). During the first three 
months after birth, some testes, undescend- 
ed at birth, descend into the scrotum. 


The mode of descent of the testis explains why 
the ductus deferens crosses anterior to the ureter 
(Fig. 13-24A)} and also explains the course of the 
testicular vessels. These vessels form when the 
testis is on the posterior abdominal wall; as the 
testis descends, it carmes its ductus deferens and 
vessels with it. As the testis and its associated 
Structures descend, they become ensheathed by 
the fascia] extensions of the abdominal wall (Fig. 
13~33F)}. The extension of the transversalis fascia 
becomes the internal spermatic fascia; the inter- 
nal oblique muscle gives rise to the cremasteric 
fascia and muscle, and the external oblique apo- 
neurosis forms the external spermatic fascia. 
Within the scrotum, the testis projects into the 
distal end of the processus vaginalis. During the 
perinatal period, the connecting stalk of the pro- 
cessus vaginalis normally obliterates, isolating the 
tunica vaginalis as a peritoneal sac related to the 
testis (Fig. 13-33F). 

Descent of the Ovary. The ovary also de- 
scends from the posterior abdominal wall to a 
point just inferior to the pelvic brim. It reaches 
this position by about the twelfth week. and then 
the gubernacuJum attaches to the uterus near the 
site of entry of the uterine tube. The cranial part 
of the gubernaculum becomes the ovarian liga- 
ment; the caudal part forms the round ligament of 
the uterus (Fig. 13-24C). The round ligament of 
the uterus passes through the inguinal canal and 
terminates in the fabium majus. The relatively 
small processus vaginalis in the female, often 
called the canal of Nuck, usually obliterates and 
disappears long before birth. 

Cryptorchidism, or Undescended Testis 
(Fig. 13-344). This condition occurs in 
about 30 per cent of premature males and in 
about 3 per cent of full term males. Crypt- 
orchidism may be unilateral or bilateral. In 
most cases, the testes descend into the 
scrotum by the end of the first year. If 
both testes remain within or just outside 
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the abdominal! cavity, they fail to mature 
histologically, and sterility is apparently cer- 
tain. An undescended testis is unable to 
produce mature sperms, presumably be- 
cause of the higher temperature in the ab- 
dominal cavity or the inguinal canal. A cryp- 
torchid testis may be located in the 
abdominal cavity or anywhere along the 
usual path of descent of the testis, but usual- 
ly it hes in the inguinal canal. The cause of 
most cases of cryptorchidism is unknown, 
but failure of normal androgen production by 
the fetal testes appears to be a factor. 


The high incidence of cryptorchidism in inter- 
sexuality suggests that hormonal imbalance inhib- 
its testicular descent, but failure of androgen pro- 
duction is not demonstrable in most cases of 
cryptorchidism. Anatomica] conditions (e.g., ab- 
sence or smallness of the superficial inguinal ring) 
and pathological factors appear to be involved in 
some cases. For a discussion of testicular malde- 
scent, its causes and treatment, see Mack (1969) 
and Scorer (1974). 

Ectopic Testis (Fig. 13-348). Occasionally, 
the testis, after traversing the inguinal canal, 
deviates from the usual path of descent and be- 
comes lodged in various abnormal locations: in- 
terstitial (external to the aponeurosis of the exter- 
nal oblique muscle}; in the thigh (femoral 
triangle): dorsal to the penis; or on the opposite 
side (crossed ectopia). All types of ectopic testis 
are rare, but interstitial ectopia occurs most fre- 
quently (Warkany, 1971}. Ectopic testis may re- 
sult when a portion of the gubernaculum passes to 
an abnormal location and the testis later follows 
it. 

Congenital Inguinal Hernia (Fig. 13- 
35). If the canal connecting the tunica va- 
ginalis and the peritoneal cavity fails to close 
during early infancy, a condition known as 
persistent processus vaginalis exists, and 
loops of intestine may herniate through it 
into the scrotum or labium majus (Fig. 13- 
35B). Congenital inguinal hernia is much 


Figure 13-34 Diagrams showing the sites of 
cryptorchid and ectopic testes. A, Positions of 
cryptorchid (undescended) testes, numbered in 
order of frequency. 8, Positions of ectopic testes; 
about 5 per cent of undescended testes are ectop- 
ic. 
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Figure 13-35 Diagrams of sagittal sections illustrating conditions resulting from failure of closure of the 
processus vaginalis. A, Incomplete congenital inguinal hernia resulting from persistence of the proximal part of 
the processus vaginalis. 8, Compiete congenital inguinal hernia into the scrotum resulting from persistence of 
the entire processus vaginalls. Cryptorchidism, a commonly associated malformation, is also illustrated, C, 
Large cyst that arose from an unobliterated portion of the processus vaginalis. This condition is called a 
hydrocele of the spermatic cord. D, Hydrocele of the testis and spermatic cord resulting from peritoneal fluld 


passing into an unclosed processus vaginalis. 


more common in males and is often assoctat- 
ed with cryptorchidism on the affected 
side, 


Usually, the processus vaginalis in females dis- 
appears completely. A diverticulum into which 
the intestine may herniate may remain, or a 
remnant of it may remain and give rise to acystin 
the inguinal region or the labium majus. 

Hydrocele (Fig. 13-35). Occasionally, 
the abdominal end of the processus vaginalis 
remains Open but is too small to permit 
herniation. Peritoneal fluid passes into the 
processus vaginalis and forms a fydrocele of 
the testis and spermatic cord (Fig. 13~35D). 
If the middle portion of the canal of the 
processus vaginalis remains open, fluid may 
accumulate and give rise to a hkydrocele of 
the spermatic cord (Fig. 13+35C). 


SUMMARY 


The urogenital system develops from the 
intermediate mesoderm, the coelomic ept- 


thelium, and the endoderm of the urogenital 
sinus. 

Three successive sets of kidneys develop: 
(1) the nonfunctional pronephroi; (2) the 
mesonephroi, which may serve as temporary 
excretory organs, and (3) the functional 
metanephroi, or permanent kidneys, 

The metanephros develops from two 
sources: (1) the metanephric diverticulum, or 
ureteric bud, which gives rise to the ureter, 
the renal pelvis, the calyces, and the collect- 
ing tubules; and (2) the :efanephric meso- 
derm, which gives rise to the nephrons. At 
first, the kidneys are located in the pelvis, 
but they gradually ‘‘ascend’’ to the abdo- 
men. This is not a true upward migration but 
results from the disproportionate growth of 
the lumbar and sacral regions. 

The urinary bladder develops from the 
urogenital sinus and the surrounding 
splanchnic mesenchyme. The entire female 
urethra and almost all of the male urethra 
have a similar origin. 
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Developmental abnormalities of the kid- 
ney and excretory passages are relatively 
common. Incomplete division of the meta- 
nephric diverticulum results in double ureter 
and supernumerary kidney. Failure of the 
kidney to ‘“‘ascend” from its embryonic post- 
tion in the pelvis results in ectopic kidney 
and abnormal rotation. Various congenital 
cystic conditions may result from failure of 
nephrons derived from the metanephric mes- 
oderm to connect with collecting tubules de- 
rived from the metanephnic diverticulum. 

The genital, or reproductive, system de- 
velops ‘in close association with the urinary, 
or excretory, system. Genetic sex is es- 
tablished at fertilization, but the gonads do 
not begin to attain sexual characteristics 
unuil the seventh week, and the external 
genitalia do not acquire distinct masculine or 
feminine characteristics until the twelfth 
week. 

The primordial germ cells are first recog- 
nized on the yolk sac and migrate to the de- 
veloping gonads, 

The reproductive organs in both sexes 
develop from primordia that appear identical 
at first. During this indifferent stage, an em- 
bryo has the potential to develop into either a 
male or a female. Gonadal sex is controlled 
by the Y chromosome, which exerts a posi- 
tive testis-determining action on the indif- 
ferent gonad. It is the presence of the Y- 
antigen gene on the Y chromosome that 
determines testicular differentiation. In the 
presence of a Y chromosome, testes develop 
and produce aninducer substance that stim- 
ulates development of the mesonephric 
ducts into the male genital ducts. Androgens 
from the fetal testes stimulate development 
of the indifferent external genitalia into the 
penis and scrotum. The suppressor sub- 
stunce inhibits development of the para- 
mesonephric ducts. 

In the absence of a Y chromosome and in 
the presence of two X chromosomes, ovaries 
develop, the mesonephric ducts regress, the 
paramesonephric ducts develop into the 
uterus and uterine tubes, the vagina develops 
from the uterovaginal primordium and the 
urogenital sinus, and the indifferent external 
genitalia develop into the clitoris and labia. 

Persons with true hermaphroditism, an 
extremely rare condition, have both ovarian 
and testicular tissue and variable genitalia. 
Errors in sexual differentiation may cause 
pseudohermaphreditism. In the male, this 


results from failure of the fetal testes to 
produce adequate amounts of masculinizing 
hormones, or from production of the hor- 
mones after the tissue sensitivity of the sex- 
ual structures has passed. fn the female, 
pseudohermaphroditism usually results from 
virilizing adrenal hyperplasia, a disorder of 
the fetal adrenal glands that causes excessive 
production of androgens and development of 
the external genitalia in a male direction. 

Most abnormalities of the female genital 
tract result from incomplete fusion of the 
paramesonephric ducts, 

Cryptorchidism and ectopic testes result 
from abnormalities of testicular descent, 
Congenital inguinal hernia and hydrocele 
result from abnormalities in the obliteration 
of the processus vaginalis. 

Failure of the urogenital folds to fuse nor- 
mally results in various types of hypospa- 
dias. Usually the urethral orifice 1s at the 
base of the glans penis. 
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CLINICALLY ORIENTED PROBLEMS 


1. A 3-year-old girl was still in diapers because she was continually wet with 
urine. The pediatrician thought she saw urine coming from the infant’s vagina. 
An intravenous urogram showed two renal pelves and two ureters on the right 
side. One ureter was clearly observed to enter the bladder, but the termination 
i of the other one was not clearly seen. 
2 A pediatric urologist, who had been consulted, examined the girl under A 
general anesthesia and observed a small opening in the posterior wall of the @ 
vagina. He passed a tiny catheter into it, and, upon injecting a radiopaque © 
5 solution, he was able to demonstrate that the opening in the vagina was the @ 
orifice of the second ureter. e 
What is the embryological basis of the two renal pelves and ureters? Describe 
the embryological basis of the ectopic ureteric orifice. What is the anatomical 
basis of the continual dribbling of urine into the vagina? 
= 2. A seriously injured young man suffered a cardiac arrest. After cardjopul- 
B monary resuscitation (CPR), his heart began to beat again, but spontaneous 
2 respirations did not occur. Artificial respiration was instituted, but there was 
no electroencephalographic (EEG) evidence of brain activity. After two days, 
the man's family agreed that there was no hope of his recovery, and they asked 
to donate his kidneys for transplantation. 
a The radiologist carried out femora/ artery catheterization and aortography 
. {radiographic visualization of the aorta and-its branches). This technique 
: showed a single large renal artery on the right, but two renal arteries on the 
left, one medium in size and the other small. Only the right kidney was used 
for transplantation because it is more difficult to implant small arteries than 
a large ones. Grafting of the small accessory renal artery into the aorta would be 
& difficult because of its size, and part of the kidney would die if one of the 
arteries was not successfully grafted. 
Are accessory, or supernumerary, renal arteries common? What is the 
embryological basis of the two left renal arteries? In what other circumstance 
might a supernumerary renal artery be of clinical significance? 
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3. A 32-year-old woman with a short history of cramping fower abdominal pain 
and tenderness underwent a /aparotomy (incision of the abdominal wall) be- 
cause of a suspected ectopic pregnancy. The operation revealed a pregnancy 

- in a rudimentary right uterine horn. The gravid uterine horn was totaily re- 
A moved. Is this type of uterine malformation common? What is the embryo- 
3 logical basis of the rudimentary uterine horn? 

/~ 4. During the physical examination of a newborn male infant, it was observed 
3 that the urethra opened on the ventral surface of the penis at the junction of 


the glans and body (shaft). The glans was curved toward the undersurface of @ 
ie the penis. Give the medical terms for the malformations described. Whatisthe © 

e embryological basis of the abnormal urethral orifice? Is this malformation 7 
common? Discuss its etiology. 

5. A 10-year-old boy suffered pain in his left groin while attempting to lift a 
heavy box. Later, he noticed a lump in his left groin. When he told his mother 
about the lump, she arranged an appointment with the family doctor. After a 
physical examination, a diagnosis of indirect inguinal hernia was made. 
Explain the embryological basis of this type of inguinal hernia. Based on your 

s embryological knowledge, list the layers of the spermatic cord that would 

cover the hernial sac. 
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\ The answers to these questions are given at the back of the book. 
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THE CIRCULATORY 
SYSTEM 


The Cardiovascular and Lymphatic 


THE CARDIOVASCULAR SYSTEM 


The cardiovascular system is the first sys- 
tem to function in the embryo; blood begins 
to circulate by the end of the third week. 
This precocious development is necessary 
because the rapidly growing embryo needs 
an efficient method of acquiring nutrients 
and disposing of waste products. This pre- 
cocity is correlated with the absence of a 
significant amount of nutritive yolk in the 
ovum and yolk sac. 


The earliest blood vessels are derived from 
angioblastic tissue, which arises from the mes- 
enchyme covering the yolk sac, within the con- 
necting stalk, and in the wall of the chorionic sac 
(see Fig. 4-9). The process of blood vessel devel- 
opment, called angiogenesis, is described in 
Chapter 4. 

The primitive vessels cannot be distinguished 
structurally as artenes or veins but are named 
according to their future fates and relationship to 
the heart. The present chapter deals mainly with 
normal and abnormal development of the heart 
and great vessels. 


DEVELOPMENT OF THE VEINS 


Three systems of paired veins drain into 
the heart of 4-week-old embryos (Figs. 14-1 
and 14-2): (1) The vitelline veins return blood 
from the yolk sac; (2) the umbilical veins 
bnng oxygenated blood from the chorion 
(part of early placenta); and (3) the cardinal 
veins return blood from the body of the em- 
bryo. 

The vitelline veins follow the yolk stalk 
into the embryo and ascend on each side of 
the foregut. After passing through the sep- 
tum transversum, they enter the sinus veno- 
sus of the heart (Fig. 14-1). As the endoder- 
mal liver primordium grows into the septum 
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systems 


transversum (see Chapter 12), the hepatic 
cords anastomose around pre-existing 
endothelium-lined spaces. These spaces, the 
primordia of the hepatic sinusoids, later be- 
come linked to the vitelline veins. The hepat- 
ic veins form from the remains of the right 
vitelline vein in the region of the developing 
liver. The portal vein develops from an 
anastomotic network formed around the 
duodenum by the vitelline veins (Fig. J4- 
3B). 

The umbilical veins are transformed as 
follows: (1) The right umbilical vein and the 
part of the left umbilical vein between the 
liver and the sinus venosus degenerate (Fig. 
14-38); and (2) the persistent part of the left 
umbilical vein carries all the blood from the 
placenta to the fetus. Concurrently a large 
channel, or shunt, called the ductus venosus, 
develops within the liver and connects the 
umbilical vein with the inferior vena cava. 
The ductus venosus acts as a bypass through 
the liver, enabling some blood from the 
placenta to pass almost directly to the heart 
(Fig. 14-38). After birth the umbilical vein 
and the ductus venosus are largely obliterat- 
ed and subsequently become the /igamentum 
teres and ligamentum venosum, respectively 
(Fig. 14-39). 

During the early stages of development, 
the cardinal veins (colored blue in Figure 
14-2) constitute the main venous drainage 
system of the embryo. The anterior and 
postenor cardinal veins drain the cranial and 
caudal parts of the embryo, respectively. 
They empty into the sinus venosus of the 
primitive heart through a short common 
cardinal vein on each side (Figs. 14-1 
to 14-3). 

During the eighth week the anterior cardi- 
nal veins become connected by an oblique 
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Figure 14-1 Sketch of the cardiovascular system during stage 12 (about 26 days), showing vessels of the 
left side only. The umbilical vein is shown in red because it is carrying oxygenated blood and nutrients from the 
chorion (embryonic part of the placenta) to the embryo. The umbilical arteries are colored medium red to 


indicate that they are carrying poorly oxygenated umbilical blood and waste products to the chorion. 


anastomosis (Fig. 14-38). This communica- 
tion shunts blood from the left to the right 
anterior cardinal vein and becomes the /eft 
brachiocephalic vein when the caudal part of 
the left anterior cardinal vein degenerates 
(Fig. 14-3C). The right anterior cardinal vein 
and the right common cardinal vein become 
the superior venacava (Figs. 14-2 and 14-3). 

The posterior cardinal veins develop pri- 
marily as the vessels of the mesonephric 
kidneys (see Chapter 13) and largely disap- 
pear with these organs. The only adult deriv- 
atives of the posterior cardinal veins are the 
root of the azygos vein and the common iliac 
veins (Fig. 14-2D), 

The subcardinal veins and the supracar- 
dinal veins gradually replace and supplement 


the posterior cardinal veins (Fig. 14-2). The 
subcardinal veins appear first (colored red in 
Figure 14-2). They are connected with each 
other via the subcardinal anastomosis and 
with the posterior cardinal veins through the 
mesonephric sinusoids. The subcardinal 
veins form the stem of the /eft renal vein, the 
suprarenal veins, the gonadal veins (e.g., 
ovarian}, and a segment of the inferior vena 
cava (Fig. 14—2D). 

The supracardinal veins (colored yellow in 
Figure 14-2) are the last set of vessels to 
develop. They become disrupted in the re- 
gion of the kidneys (Fig. 14-2C). Cranial to 
this they become united by an anastomosis 
that is represented in the adult by the azygos 
and hemiazygos veins (Figs. 14-2D and 14— 
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Figure 14-2 Drawings illustrating transformauon of the primitive veins of the trunk of the human embryo, 
shown by diagrams in ventral view. Initially, three systems of veins are present (colored biue): the umbilical 
veins from the chorion (Fig. 14-1), the vitelline veins from the yolk sac, and the cardinal veins from the body of 
the embryo. Next, the subcardinal veins {colored red) appear, and finally the supracardinal veins (colored 
yellow) develop. The transformations leading to the adult venous plan occur during the sixth to eighth weeks. 
A, 6 weeks. B, 7 weeks. C, 8 weeks. D, adult. (From Arey, L. B.: Developmental Anatomy. Revised 7th ed. 
Philadelphia, W. B. Saunders Co., 1974.) 
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Figure 14-3 Dorsai views: A, The heart during stage 11 {abaut 24 days), showing the primitive atrium and 
sinus venosus. B, Seven weeks, showing the enlarged right harn of the sinus venosus and the venous 
circulation through the liver. The organs are not drawn to scale. C, Eight weeks, indicating the adult derivatives 
of the cardinal veins. 
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3). Caudal to the kidneys, the left supracar- 
dinal vein degenerates, but the mght supra- 
cardinal vein becomes the inferior part of the 
inferior vena cava. 

Development of the inferior vena cava 
(Fig. 14-2) results from a series of changes in 
the primitive veins of the trunk that occur as 
blood, returning from the caudal part of the 
embryo, is shifted from the left to the right 
side of the body. The inferior vena cava 1s 
composed of four main segments: (1) a he- 
patic segment (colored purple) derived from 
the hepatic vein (proximal part of right vi- 
telline vein) and hepatic sinusoids; (2) a 
prerenal segment (colored red} derived from 
the right subcardinal vein, (3) a renal seg- 
ment (colored green) derived from the 
subcardinal-supracardinal anastomosis; and 
(4) a postrenal segment (colored yellow) 
derived from the right supracardinal vein, 


ABNORMALITIES OF THE VENAE 
CAVAE 


Double Superior Vena Cava (Fig. 14- 
4). Persistence of the left anterior cardinal 
vein results in the presence of a left superior 
vena cava; hence there are two superior 
venae cavae. The anastomosis that usually 
forms the left brachiocephalic vein (Figs. 
14-2 and 14-3) is small or absent, as in 
Figure 14-4. The abnormal left superior vena 
cava, derived from the left anterior cardinal 
and common cardinal veins, opens into the 
right atrium via the coronary sinus. 

Left Superior Vena Cava. Uncommon- 
ly, the left anterior cardinal vein and the left 
common cardinal vein form a left superior 
vena cava, and the right anterior cardinal 
vein and the common cardinal vein, which 
usually form the superior vena cava, degen- 
erate. Blood from the right side is carried by 
the brachiocephalic vein to the left superior 
vena cava, which opens into the coronary 
sinus. 

Absence of the Hepatic Portion of the 
Inferior Vena Cava. Occasionally seg- 
ments of the inferior vena cava fail to form, 
or they do not join in a normal manner. As a 
result, blood from the inferior parts of the 
body drains into the right atrium through the 
azygos and hemiazygos veins and the superi- 
or vena cava. The hepatic veins open inte the 
right atrium separately. 

Double Inferior Vena Cava. In these 
unusual cases, the inferior vena cava inferior 
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left 
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Figure 14-4 Photograph of the posterior aspect 
of an adult heert with double superior vena cava; the 
small left superior vena cava opens into the coronary 
sinus. Parts of the walls of the atrie have been re- 
moved, 


to the renal veins is represented by two more 
or less symmetrical vessels. This condition 
probably results from failure of an anastomo- 
sis to develop between the primitive veins of 
the trunk (Fig. 14-28). As a result, the 
inferior part of the left supracardinal vein 
fails to disappear, as illustrated in Figure 
14-2D, and persists as a second inferior vena 
cava. 


DEVELOPMENT OF THE PRIMITIVE 
HEART AND ARTERIES 


The primitive arterial system is illustrated 
in Figures 14-1, 14-9, and 14-31. As the 
branchial arches form during the fourth and 
fifth weeks, they are penetrated by arteries 
arising from the aortic sac, which are re- 
ferred to as aortic arches. On each side: of 
the embryo, the aortic arches terminate in a 
single dorsal aorta (Figs. 14-31 and 14-32). 
Just caudal to the eleventh somite, the dorsal 
aortae fuse to form the dorsal aorta. 

Thirty or so branches of the dorsal aorta, 
called intersegmental arteries (Fig. 14-1), 
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pass between and carry blood to the somites 
and their derivatives. Most somatic arteries 
are derived from the intersegmental arteries 
or their modifications. In the neck. the dorsal 
intersegmental arteries join together to form 
a longitudinal artery on each side, called the 
vertebral artery. Most of the original connec- 
tions of the intersegmental arteries to the 
dorsal aorta disappear, except the more cau- 
dal ones, which remain as the origins of the 
vertebral arteries from the subclavian ar- 
teries. In the thorax, the dorsal intersegmen- 
tal arteries remain as the intercostal arteries. 
The dorsal intersegmental arteries become 
the fuimbar arteries in the lumbar region, and 
the fifth pair of lumbar intersegmental ar- 
teries become the common iliac arteries. In 
the sacral region the intersegmental arteries 
form the lateral sacral arteries. The dorsal 
aorta becomes the median sacral artery, 
which anastomoses with the lateral sacral 
arteries. 

The unpaired, ventral midline branches of 
the dorsal aorta pass to the yolk sac, the 
allantois, and the chorion (Fig. 14-1). The 
vitelline arteries pass to the yolk sac and 
later to the primitive gut, which forms from 
the yolk sac (see Chapter 12). Three of the 
vitelline arteries remain as the celiac artery 
to the foregut, the superior mesenteric artery 
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to the midgut, and the inferior mesenteric 
artery to the hindgut (see Fig. 12-1). 

The paired umbilical arteries pass through 
the connecting stalk (later the winbilical 
cord) and become continuous with the 
chorionic vessels in the embryonic part of 
the placenta (chorion). The umbilical arteries 
carry deoxygenated blood to the placenta 
(Figs. 14-1 and 14~—38). The proximal parts of 
the umbilical arteries become the internal 
iliac and superior vesical arteries, whereas 
the distal parts obliterate after birth and 
become the medial untbiical ligaments (Fig. 
14-39). 

The major changes leading to the definitive 
arterial system, especially the transforma- 
tion of the aortic arches (Fig. 14-32), are 
described tater. 

Heart development is first indicated in 
embryos of 18 or 19 days. In the cardiogenic 
area the splanchnic mesenchymal cells ven- 
tral to the pericardial coelom aggregate and 
arrange themselves side-by-side as two lon- 
gitudinal cellular strands called cardiagenic 
cords (Fig. 14-5). These cellular cords be- 
come canalized to form two thin-walled en- 
dothelial tubes called endocardial heart 
tubes (Figs. 14-6 and 14-7B). As the lateral 
folds develop, the heart tubes gradually ap- 
proach each other and fuse to form a single 
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Figure 14-5 A, Dorsal view of an embryo during developmental stage 8 {about 18 days). 8, Transverse 
section through the embryo demonstrating the cardiogenic cords and their relationship to the pericardial 
coelom. C, Longitudinal section through the embryo illustrating the relationship of the cardiogenic cords to the 
oropharyngeal (buccopharyngeal) membrane, the pericardial coelom (cavity), and the septum transversum. 
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Figure 14-6 Sketches of ventral views of the 
developing heart during stages 9 to 11 (about 20 to 
25 days), showing fusion of the heart tubes, which 
forms a single heart tube. Bending of the heart tube, 
which forms a bulboventricular loop, is also illustrat- 
ed. 


heart tube. This fusion begins at the cranial 
end of the tubes (Fig. 14-6A) and extends 
caudally until a single tube is formed (Fig. 
14—-6C). 

As the heart tubes fuse, the mesenchyme 
around them thickens to form a myoepicar- 
dial mantle (Fig. 14-7C and D). At this stage 
the developing heart is a simple tube, sepa- 
rated from another tube (the myoepicardial 
mantle) by gelatinous connective tissue 
called cardiac jelly. The inner endocardial 
tube is destined to become the internal en- 
dothelial lining of the heart, called the endo- 
cardium. The myoepicardial mantle gives 
rise to the myocardium (muscular wail) and 
the epicardium or visceral pericardium (Fig. 
14.7F). 

With development of the head fold (see 
Figs, 5-1 and 5-2), the heart and pericardial 
cavity come to lie ventral to the foregut and 
caudal to the oropharyngeal membrane (Fig. 
14-8). 

Concurrently, the tubular heart elongates 
and develops alternate dilatations and con- 
strictions. The primordia of the bulbus 
cordis, ventricle, and atrium appear first 
(Fig. 14—~6B), but the fruncus arteriosus and 
the sinus venosus are soon recognizable (Fig. 
14-6C). The truncus arteriosus is continuous 
caudally with the bulbus cordis and cranially 
it enlarges slightly to form the aortic sac, 
from which the aortic arches arise (Figs. 
14-1 and 14-9). The sinus venosus is.a large 
venous sinus which receives the umbilical, 
vitelline, and common cardinal veins from 
the chorion {primitive placenta), yolk sac, 
and embryo, respectively (Figs. 14-1 and 14- 
6D). 

The arterial and venous ends of the heart 
tube are fixed by the branchial arches and the 
septum transversum, respectively (Fig. 14— 
64). Because the bulbus cordis and ventricle 
grow faster than the other regions, the heart 
tube bends upon itself, forming a U-shaped 
bulboventricular loop (Figs. 14-6D and 14— 
7E); later an S-shaped heart forms (Fig. 14— 
GBF 

As the primitive heart bends, the atrium 
and the sinus venosus come to lie dorsal to 
the bulbus cordis, truncus arteriosus, and 
ventricle (Fig. 14~9). By this stage, the sinus 
venosus has developed lateral expansions 
called right and left horns (Fig. 14—9B). 

Formation of the Pericardial Cavity. 
As the heart tube elongates and bends, it 
gradually sinks into the dorsal wall of the 
pericardial cavity (Figs. 14-7C and D and 
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Figure 14-7 A, Dorsal view of an embryo during stage 9 (about 20 days). 8, Transverse section through the 
heart region, showing the heart tubes and the lateral folds (arrows). C, Transverse section through a slightly 
older embryo, showing the formation of the pericardial cavity and the heart tubes about to fuse. D, Similar 
section during stage 10 (about 22 days), showing the single heart tube suspended by the dorsal mesocardium. 
E, Schematic drawing of the heart during stage 13 (about 28 days), showing degeneration of the dorsal 
mesocardium and formation of the transverse sinus of the pericardium. F, Transverse section through this 
embryo after disappearance of the dorsal mesocardium, showing the layers of the heart wail. 
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Figure 14-8 Schematic drawings of longitudinal 
sections through the cranial half of human embryos 
during the tourth week, showing the etfect of the 
head fold (arrow) on the position of the heart and 
other structures. As the head fold develops, the heart 
tube and lhe pericardial cavily come to Ile veniral to 
the foregut and caudal to the oropharyngeal mem- 
brane. 


14-8C’). Initially the heart is suspended from 
the dorsal wall of this cavity by a mesentery, 
the dorsal mesocardium (Fig. 14-7D). The 
central part of this mesentery soon degener- 
ates, forming a communication, the trans- 
verse pericardial sinus, between the right 
and left sides of the pericardial cavity (Fig. 
14-7E and F). 

Formation of the Heart Wall (Fig. 14- 
7). As the heart tubes fuse, the splanchnic 
mesenchyme around them proliferates and 
forms a thick layer of cells, the myoepicar- 
dial mantle, These cells differentiate into (1) 
myoblasts, which form the thick myocar- 
dium, and (2) mesotilelial cells, which form 
the outermost layer, called the epicardium or 
visceral pericardium. The myoepicardial 
mantle is separated from the endothelium 
lining the heart tube by cardiac jelly, a 
gelatinous connective tissue that forms the 





subendocardial tissue. The heart wall now 
consists of three layers: (1) the outer epicar- 
dium; (2) the middle myocardium; and @) the 
inner endocardium (Fig. 14-7F). 

Circulation Through the Primitive 
Heart. Contractions of the heart begin by 
day 22; these originate in the muscle, i.e., 
they are of myogenic origin. The muscle 
layers of the atrium and ventricle are contin- 
uous, and contractions occur in peristalsis- 
like waves that begin in the sinus venosus. 
At first the circulation through the heart and 
the embryo is of an ebb-and-flow type, but 
by the end of the fourth week, coordinated 
contractions of the heart result in a wuni- 
directional flow. 

Blood returns to the sinus venosus from 
(1) the embryo, via the common cardinal 
veins; (2) the developing placenta, via the 
umbilical veins; and (3) the yolk sac, via the 
vitelline veins (Fig. 14-1). Blood from the 
sinus venosus enters the atrium via the sino- 
atrial orifice (Fig. 14-208). Its flow is con- 
trolled by the sinoatrial valves (Fig. 14-9A), 
which fuse cranially to form a marked pro- 
jection, the septum spnrium (Fig. 14-20A) in 
the roof of the right side of the atrium. The 
blood then passes through the atrioventricu- 
lar canal into the ventricle. When the ventri- 
cle contracts, blood is pumped through the 
bulbus cordis and truncus arteriosus into the 
aortic sac, from which it passes to the aortic 
arches of the branchial arches (Fig. 14-9C). 
The blood then passes to the dorsal aortae 
for distribution to the embryo, yolk sac and 
placenta (Fig. 14-1). 


PARTITIONING OF THE 
ATRIOVENTRICULAR CANAL, THE 
ATRIA, AND THE VENTRICLES 


Partitioning of the atrioventricular canal, 
the atrium, and the ventricle begins around 
the middle of the fourth week and is essen- 
tially complete by the end of the fifth week. 
Although they are described separately, it 
must be emphasized that these processes 
occur concurrently. 

Partitioning of the Atrioventricular 
Canal (Figs. 14-9, 14-10, and 14- 
11). During the fourth week, bulges form 
on the dorsal and ventral walls of the atrio- 
ventricular canal. These bulges, called aftrio- 
ventricular endocardial cushions. are at first 
filled with cardiac jelly but are later invaded 
by mesenchymal cells. During the fifth week. 
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Figure 14-9 A, Diagrammatic sagittal section during stage 11 (abaut 24 days), showing blood flow through 
the primitive heart. 8, Dorsal view af the heart during stage 12 (abaut 26 days), illustrating the harns af the 
sinus venosus and the dorsal location of the primitive atrium. C, Ventral view of the heart and aortic arches 
during stage 15 (abaut 35 days). The ventral wall af the pericardial sac has been remaved ta show the heart In 


the pericardial cavity. Nate that the heart naw has the general external appearance af an aduit heart. 








308 THE CIRCULATORY SYSTEM 







truncus arteriosus 

inoatrial valves 

sINUS venasuS 

prim#ive atrium 

atnaventricular 
canal 

bulbus cordis 


primitive ventricle 


atrium 


ventral jendocardial 


darsal ’ cushions 


future 
right ventricle 












,~~plane of section D 


fused endocardial 
cushions 


arrow passing 
through right 
atrioventricular 
canal 


septum primum 
sinoatrial valves 


foramen primum — - 
left atrio- 
ventricular cana! 


fused endocardial 
cushions 


interventricular 
septum 





Figure 14-10 A toC, Sketches of sagittal sections 
of the heart during the fourth and fifth weeks, illus- 
trating division of the atrioventricular canal, D, Fron- 
tal section of the heart at the plane shown inC. The 
interatrial and interventricular septa have also start- 
ed to develop. 


these actively growing atrioventricular endo- 
cardial cushions approach each other and 
fuse, forming the septum of the atrioventric- 
ular canal, It divides the atrioventricular 
canal into right and left atrioventricular 
canals (Fig. 14-i10D). 

Partitioning of the Primitive Atrium 
(Figs. 14-10, 14-11, and 14-12). The 
primitive atnum is divided into right and left 
atria by the formation and subsequent fusion 
of two septa, the septum primum and the 
septum secundum. The septum primum also 
fuses with the septum of the atrioventricular 
canal (fused endocardial cushions). 

The septum primum, a thin, crescent- 
shaped membrane, grows ventrally from the 
dorsocranial wall, or roof, of the primitive 
atrium. As this curtain-like septum grows, a 
large opening, the foramen primum, exists 
between its caudal free edge and the endocar- 
dial cushions. The foramen primum becomes 
progressively smaller and is obliterated when 
the septum primum fuses with the fused 
endocardial cushions (atrioventricular sep- 
tum), 

Before the foramen primum is obliterated, 
perforations appear in the dorsal part of the 
septum primum and coalesce to form another 
opening, the foramen secundum (Figs. 14= 
1] and 14-12). Concurrently, the free edge of 
the septum primum fuses with the left side of 
the fused endocardial cushions, thus oblit- 
erating the foramen primum (Fig. 14~11D). 

Toward the end of the fifth week, another 
crescentic membrane, the septum secun- 
dum, grows from the ventrocranial wall of 
the atrium, immediately to the right of the 
septum primum (Fig. 14-12D). As this thick, 
incomplete septum grows, it gradually 
covers the foramen secundum in the septum 
primum. The septum secundum forms an 
incomplete partition and leaves an oval 
opening, called the foramen ovale (Fig. 14- 
12£,). The cranial part of the septum primum, 
which is attached to the roof of the left 
atrium, gradually disappears Fig. 14-12G),); 
the remaining part of the septum primum, 
attached to the fused endocardial cushions, 
becomes the valve of the foramen ovale (Fig. 
14-12H7,). 

Before birth, the foramen ovale allows 
most of the blood entering the right atrium 
from the inferior vena cava to pass into the 
left atrium (Fig. 14-38). After birth, the fora- 
men ovale normally closes, and the intera- 

Text continued on page 313 
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Figure 14-11 Drawings of the developing heart, showing partitioning of the atrioventricular canal, the 
atrium and the ventricle. A, Sketch showing the plane of frontal sections B to E. 8, During stage 13 (about 28 
days), showing the early <ppearance af the septum primum, the interventricular septum, and the dorsal 
endocardial cushion. C, Section of the heart during stage 14 {about 32 days), showing perforations in the 
dorsal part of the septum. D, Section of the heart during stage 15 {abcut 35 days), showing the foramen 
secundum. E, About eight weeks, showing the heart after partitioning into four chambers. (Adapted from 
various sources, especially Patten, 1968.) 
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Figure 14-12 Diagrammatic sketches illustrating partitioning of the primitive atrium. A toH are views of the 
developing interatrial septum as viewed from the right side. A, to H, are frontal sections of the developing 


interatrial septum at the plane shown in A. 
i!fustration continued on opposite page 
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Figure 14-12 Continued. The valve-like nature of the foramen ovale is illustrated in G, and H;. When 
pressure in the right atrium exceeds that in the left atrium, blood passes from the right to the left side of the 
heart. When the pressures are equal, the septum primum closes the foramen ovale. 
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Figure 14-13 Diagrams illustrating the fate ot the sinus venosus. A, Dorsal view of the heart during stage 12 
(about 26 days), showing the sinus venosus. The umbilical and vitelline veins are not shown. B, Dorsal view at 
eight weeks after incorporation of the right horn of the sinus venosus into the right atrium. The left horn ot the 
sinus venosus has become the coronary sinus. C, Internal view of the fetal atrium, showing (1) the smooth part 
(sinus venarum) of the wall of the right atrium derived from the right horn of the sinus venosus and (2) the 
cae terminalis and the valves ot the interior vena cava and coronary sinus derived from the right sinoatrial 
valve. 
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trial septum becomes a complete partition 
when the septum primum fuses witb the 
septum secundum (Fig. 14-39). 

Changes in the Sinus Venosus and 
Associated Veins (Figs. 14-3 and 14- 
13). Initially the sinus venosus opens into 
the center of the primitive atrium and the 
right and left horns of the sinus are about the 
same size. Progressive enlargement of the 
right horn results from two left-to-right 
shunts of blood, so that by the end of the 
fourth week, the right horn is noticeably 
larger than the left (Fig. 14-3C). As this 
occurs, the sinoatrial orifice moves to the 
right and opens in the part of the primitive 
atrium that will become the adult right atrium 
(Fig. 14-208). 

The first left-to-right shunt of blood results 
from transformation of the vitelline and um- 
bilical veins (discussed previously). 

The second left-to-right shunt of blood 
occurs when the anterior cardinal veins be- 
come connected by an oblique anastomosis 
(Fig. 14-38 and C). This communication 
shunts blood from the left to the right an- 
terior cardinal vein and eventually becomes 
the left brachiocephalic vein (Fig. 14-2D). 
The right anterior cardinal and the right 
common cardinal veins become the superior 
vena cava. 

The results of these two venous shunts are 
that (1) the left horn of the sinus venosus 
decreases in size and importance, and (2) the 
right horn enlarges and receives all the blood 
from the head and neck via the superior vena 
cava, and from the placenta and caudal re- 
gions of the body via the inferior vena cava 
(Figs. 14-3C and 14-38). 

Fate of the Sinus Venosus and Forma- 
tion of the Adult Right Atrium (Fig. 14- 
13). Initially the sinus venosus is a separate 
chamber of the heart and opens into the 
caudal wall of the right atrium (Fig. §4-3A). 
The /eft horn of the sinus venosus forms the 
coronary sinus, and the right horn of the 
sinus venosus becomes incorporated into the 
wall of the right atrium (Fig. 14-13B and 
Gy: 


The smooth part of the wall of the right atrium, 
the sinus venarum, into which the great veins 
open, is derived from the sinus venosus (Fig. 
14-138 and C). The remainder of the atrium and 
the conical muscular pouch called the auricle 
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Figure 14-14 Diagrammatic sketches illustrating 
absorption of the pulmonary veins into the left 
atrium: A, Five weeks, showing the common pulmo- 
nary vein opening into the primitive left atrium. 8, 
Later stage, showing partial absorption of the com- 
mon pulmonary vein. C, Six weeks, showing the 
openings of two pulmonary veins into the left atrium 
resulting from absorption of the common pulmonary 
vein. D, Eight weeks, showing four pulmonary veins 
with separate atrial orifices. The pulmonary veins 
and the absorbed pulmonary vein tissue are shown 
in red. 
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have a rough, trabeculated appearance; they are 
derived from the primitive right atrium. 

The smooth part (sinus venarum) and the rough 
part (primitive atrium) are demarcated internally 
by a vertical ridge, the crista terminalis (Fig. 
14-13C) and externally by a shallow inconspicu- 
ous groove, the sulcus terminalis (Fig. 14-13B). 
The crista terminalis represents the cranial part of 
the right sinoatrial valve (Fig. 14-13), the caudal 
part of the right sinoatrial valve forms the valves 
of the inferior vena cava and the coronary sinus. 
The left sinoatrial valve fuses with the septum 
secundum and 1s incorporated into the interatrial 
septum. 

Formation of the Adult Left Atrium 
(Fig. 14-14). Most of the wall of the left 
atrium is smooth and is derived from the 

primitive pulmonary vein. This vein develops 

as an outgrowth of the dorsal atrial wall, just 
to the left of the septum primum. As the 
atrium expands, the primitive pulmonary 
vein and its main branches are gradually 
incorporated into the wall of the left atrium. 
This results in four pulmonary veins with 
separate openings into the atrium (Fig. 14- 
14C and D). The small auricle, derived from 
the primitive atrium, has a rough, trabecula- 
ted appearance. 

Anomalous Pulmonary Venous Connections. In 
total anomalous pulmonary venous connection, 
none of the pulmonary veins connects with the left 
atrium, but open into the right atrium or into one 
of the systemic veins or into both. In partial 
anomalous pulmonary venous connection, one or 
more, but not all, pulmonary veins have similar 
anomalous connections; the others have normal 
connections. In both types, the systemic veins 
involved are variable. 
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In the early embryo, the lungs are drained by a 
vascular plexus that communicates with the cardi- 
nal veins in many places. Later, the primitive 
pulmonary vein develops in the sinoatrial region 
and connects with this plexus. Normally the con- 
nections with the cardinal veins then degenerate, 
if these connections persist, the pulmonary veins 
may drain into the derivatives of the cardinal 
veins. Drainage of the pulmonary veins into the 
right atrium.can be explained by a slight shift of 
the interatrial septum to the left. 

Partitioning of the Primitive Ventricle 
(Figs. 14-11, 14-15, 14-16, 14-17, and 
14~18). Division of the primitive ventricle 
into right and left ventricles is first indicated 
by a muscular ridge or fold, the interventricu- 
lar septum, in the floor of the ventricle near 
its apex. This thick, crescentic membrane has 
a cranial concave free edge (Fig. 14-154). 
Initially, most of its increase in length results 
from dilatation of the ventricles on each side 
of it (Fig. 14—-15B), this produces an external 
interventricular groove. Later, there is ac- 
tive growth of septal tissue as the muscular 
portion of the interventricular septum 
forms. 

A crescentic interventricular foramen be- 
tween the free edge of the interventricular 
septum and the fused endocardial cushions 
permits communication between the right 
and left ventricles until about the end of the 
seventh week (Figs. 14-15 and 14-17). 

The interventricular foramen usually 
closes around the end of the seventh week as 
the bulbar ridges fuse (Fig. 14-18). Closure 
results from the fusion of subendocardial 
tissue from three sources: (1) the right bulbar 
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Figure 14-15 Schematic diagrams illustrating partitianing af the heart. A, Sagittal section late in the fifth 
week, showing the cardiac septa and faramina. 8, Frantal sectian of slightly later stage, illustrating the 
directians af blood flaw thraugh the heart and the expansion af the ventricles. 
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Figure 14-16 Schematic drawings illustrating partitioning of the bulbus cordis and truncus arteriosus. A, 
Ventral aspect of heart at five weeks. 8, Transverse sections through the truncus arteriosus and bulbus cordis, 
ittustrating the truncal and bulbar ridges. C, The ventral wall of the heart has been removed to demonstrate the 
ridges. D, Ventral aspect of heart after partitioning of the truncus arteriosus. F, Sections through the newly 
formed aorta (Ao.) and pulmonary trunk (P.T.), showing the aorticopulmonary septum. F, Six weeks. The 
veniral wall of the heart and pulmonary trunk have been removed to show the aorticopulmonary septum. G, 
Diagram illustrating the spiral form of the aorticopulmonary septum. 4, Drawing showing the great arteries 

: twisting around each other as they leave the heart. 
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Figure 14-17 Sketches illustrating Incorporation of the bulbus cordis into the ventricies and partitioning of 
the bulbus cordis and truncus arteriosus into the aorta and pulmonary trunk. A, Sagittal section at five weeks, 
Showing the bulbus cordis as one of the five primitive chambers of the heart. B, Schematic frontal section at six 
weeks efter the bulbus cordis has been incorporated into the ventricles to become the conus arteriosus of 


the right ventricle and the aortic vestibule. 
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Figure 14-18 Schematic diagrams illustrating 
ciosure of the interventricular foramen and forma- 
tion of the membranous pert of the Interventricular 
Septum. The walls of the bulbus cordis end the right 
ventricle have been removed. A, Five weeks, showing 
the bulbar ridges and the fused endocardial cush- 
ions. B, Six weeks, showing how’ proliferation of 
subendocardial tissue diminishes the interventricu- 
lar foramen. C, Seven weeks, showing the fused 
bulbar ridges end the membranous part of the Inter- 
ventricular septum formed by extensions of tissue 
from the right side of the endocardial cushions. 
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ridge; (2) the left bulbar ndge; and (3) the 
fused atrioventricular endocardial cushions. 
The membranous part of the interventric- 
ular septum is derived from extensions of 
tissue from the right side of the fused endo- 
cardial cushions. This tissue fuses with the 
aorticopulmonary septum and the muscular 
part of the interventricular septum (Fig. 14— 
18C). After closure of the interventricular 
foramen, the pulmonary trunk is in commu- 
nication with the nght ventricle, and the 
aorta communicates with the left ventricle. 
Partitioning and Fate of the Bulbus 
Cordis and Truncus Arteriosus (Fig. 14- 
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16). During the fifth week, bulges form in 
the walis of the bulbus cordis. These bulges, 
called bulbar ridges, are first filled with car- 
diac jelly but are later invaded by mesenchy- 
mal cells. Similar truncal ridges form in the 
truncus arteriosus and are continuous with 
the bulbar ridges. The spiral orientation of 
the ridges, possibly caused by the streaming 
of blood from the ventricles, results in a 
spiral aorticopulmonary septum when these 
ridges fuse (Fig. 14-16D to G). This septum 
divides the bulbus cordis and the truncus 
arteriosus into two channels, the aorta and 
the pulmonary trunk. Because of the spiral 
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Figure 14-19 Schematic drawings illustrating development of the semitunar valves of the aorta and 
pulmonary trunk, A, Sketch of a sagittal section of the truncus arteriosus and buibus cordis, showing the valve 
swellings. 8, Transverse section through the bulbus cordis. C, Similar section after fusion of the bulbar ridges. 
D, Formation of the walls and valves of the aorta and pulmonary trunk. £, Rotation of the vessels has 
established the adult relations of the valves, F, Longitudinal sectians of the aorticoventricular junction, 


illustrating successive stages in the hollowing (arrows) and thinning of the valve swellings to form valve 
cusps. 
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septum, the pulmonary trunk twists around 
the ascending aorta (Figs. 14-16H and 
14-18). 

Tbe bulbus cordis is gradually incorporat- 
ed into the walls of the venricles. In the aduit 
right ventricle, it is represented by the conus 
arteriosus, which gives origin to the pulmo- 
nary trunk. In the adult left ventricle, the 
bulbus cordis forms the walis of the aortic 
vestibule, the part of the ventricular cavity 
just inferior to the aortic valve (Fig. 14-17 B). 

Development of the Cardiac Valves (Figs. 
14-19 and 14-20). The semilunar valves devel- 
op from three valve swellings, or ndges, of suben- 
docardial tissue at the orifices of both the aorta 
and the pulmonary trunk. These swellings become 
hollowed out and reshaped to form three thin- 
walled cusps or ‘“‘pockets.’’ The atrioventricular 
valves (tricuspid and mitral valves) develop simi- 
larly from localized proliferations of subendocar- 
dial tissue around the atrioventricular canals. 
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These swellings become hollowed out on their 
ventricular sides (Fig. 14-20C and D). 

Development of the Ventricuiar Walls (Figs. 
14-11 and 14~—20). Cavitation of the ventricu- 
lar walls forms a spongework of the muscle 
bundles. Some of these bundles remain as the 
trabeculae carneae, and others become trans- 
formed into the papillary muscles and the 
chordae tendineae, which connect the ventricular 
wall with the atrioventricular valves (Fig. 14-20C 
and D). 

Development of the Conducting System. 
Initially the muscle layers of the atrium and 
ventricle are continuous. The primitive atrium 
acts as the temporary pacemaker of the heart, 
but the sinus venosus soon takes over this 
function. 

The sinoatrial node is originally in the right wall 
of the sinus venosus, but it is incorporated with 
the sinus venosus into the wall of the right atrium 
and lies where the superior vena cava enters the 
atrium (Fig. 14-20D). 
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Figure 14-20 Schematic frontal sections of the heart, illustrating successive stages in the development of 
the atrioventricular valves, the chardae tendineae, and the papillary muscles. A, Five weeks. B, Six weeks. C, 
Seven weeks. D, Five months, also showing the conducting system of the heart (modified from Patten, 
1968). 
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After incorporation of the sinus venosus, cells 
from the left wall of the sinus venosus are found in 
the base of the interatrial septum just anterior to 
the opening of the coronary sinus. They, together 
with cells from the atrioventricular canal region, 
make up the atrioventricular node and the bundle 
of His (Anderson and Taylor. 1972). This spe- 
cialized tissue is normally the only pathway from 
the atria to the ventricles, because as the four 
chambers of the heart develop, a band of connec- 
tive tissue grows in from the epicardium. This 
tissue subsequently separates the muscle of the 
atria from that of the ventricles and forms part of 
the adult cardiac skeleton. 

The sinoatrial node, the atrioventricular node, 
and the atrioventricular bundle soon become rich- 
ly supplied with nerves, but histological differen- 
tiation of these tissues is a continuing process up 
to, and after, birth. 

There is evidence that abnormalities of the 
conducting tissue may cause unexpected death 
during infancy (‘‘crib death’). Anderson and Ash- 
ley (1974) have observed conducting tissue abnor- 
malities in the hearts of several infants who died 
unexpectedly and were classified as “‘crib 
deaths,’ or Sudden Infunt Death Syndrome 
(S1DS). There remains a lack of consensus that a 
single mechanism is responstbie for the sudden 
and unexpected death of an apparently well in- 
fant. Currently, considerable research ts heing 
undertaken in an attempt to determine the patho- 
genic factors responsibie for such deaths. For a 
good discussion of SIDS, see Vaughan et al. 
(1979). 


CONGENITAL MALFORMATIONS OF 
THE HEART AND GREAT VESSELS 


Heart malformations are relatively com- 
mon, constituting about 25 per cent of all 
congenital malformations. Their overall in- 
cidence is about 0.7 per cent of live births 
and about 2.7 per cent of stillbirths. Most 
heart malformations are believed to be deter- 
mined by multiple factors, genetic and possi- 
bly also nongenetic, each of which has a 
minor effect. 

Some types of congenital cardiac malfor- 
mation cause very little disability, but others 
are incompatible with extrauterine life. 
Owing to recent advances in cardiovascular 
surgery, many types of congenital heart dis- 
ease can be corrected surgically (Keith et al., 
1978). 

Not all congenital malformations of the 
heart and great vessels are described. Em- 
phasis is placed on those that are compatible 
with life or amenable to surgery. Descrip- 
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Figure 14-21 Sketches of the primitive heart tube 
during the fourth week. A, Normal bending to the 
right or right looping. 8, Abnormal bending to the 
left or left iooping, resulting in dextrocardia. 


tions of uncommon and clinically unimpor- 
tant malformations appear in small print. 


ABNORMALITIES OF POSITION 


Dextrocardia (Displacement of the Heart to 
the Right). If the heart tube bends to the left 
instead of to the right (Fig. 14—21), there is trans- 
position in which the heart and its vessels are 
reversed left to right as in a mirror image. Dextro- 
cardia is the most frequent positional abnormality 
of the heart, but it is still relatively uncommon. In 
dextrocardia with situs inversus (transposition of 
the viscera, the liver being on the left side and the 
heart on the right, and so forth) the incidence of 
accompanying cardiac defects is low, and such 
hearts, if there are no other associated vascular 
abnormalities, can function normally. In isolated 
dextrocardia, the abnormal position of the heart is 
not accompanied by displacement of other vis- 
cera, but accompanying cardiac defects are often 
present. 

Ectopia Cordis (Fig. 14-22). In this extreme- 
ly rare condition, the heart is partly or completely 
exposed on the surface of the thorax. It is usually 
associated with an open perigardium (pericardial 
sac) and widely separated halves of the sternum. 
Ectopia cordis results from faulty development of 
the sternum and pericardium, which may result 
from failure of complete fusion of the lateral folds 
in the thoracic region during the fourth week (see 
Fig. 5—I). 
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Figure 14-22 Photograph of a newborn infant 
with cleft sternum, extrathoracic ectopia cordis, and 
bilateral cleft lip. Fortunately, ectopia cordis is an 
extremely rare condition. 


ABNORMALITIES OF THE 
INTERATRIAL SEPTUM 


Atrial septal defect (ASD) its a common 
type of congenital heart abnormality. The 
common form of ASD is persistent or patent 
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foramen ovale (Figs. 14-23, 14-24, 14—25, 
and 14-26), 

Probe Patent Foramen Ovale (Fig. 14- 
238). In up to 25 per cent of persons, a probe 
can be passed obliquely from one atrium to the 
other through the upper part of the floor of the 
fossa ovalis; the heart is otherwise normal, This 
defect is not considered a pathological occur- 
rence, but a probe patent foramen ovale may be 
forced open as a result of other cardiac defects 
and contribute to functional] pathology of the heart 
(Keith et al., 1978). Probe patent foramen ovale 
results from incomplete adhesion (i.e., imperfect 
sealing) between the septum primum and the 
septum secundum after birth. 

Clinically Significant Types of Atrial 
Septal Defect (Figs. 14-24 and 14- 
25). There are four main types of atrial 
septal defect (ASD): (1) secundum type 
ASD; (2) endocardial cushion defect with 
primum type ASD; (3) sinus venosus type 
ASD; and (4) common atrium. The first two 
types are relatively common, 

Secundum Type ASD (Figs. 14-24A to D 
and 14-25), Defects in the area of the 
foramen ovale are classified as secundum 
type ASD and include both septum primum 
and septum secundum defects. This is one of 
the most common congenital cardiac defects. 
The patent foramen ovale usually results 
from abnormal resorption of the septum pri- 
mum during the formation of the foramen 
secundum (Fig. 14-128). If resorption occurs 
in abnormal locations, the septum primum is 
fenestrated or net-like (Fig. 14-24A). If ex- 
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Figure 14-23 A, Drawing illustrating the normal appearance of the right side of the interatrial septum after 


adhesion of the septum primum to the septum secundum. A,, Sketch of a frontal section of the interatrial 
septum illustrating formation of the fossa ovalis. Note that the floor of this fossa is formed by the septum 
primum. B and 8,, Similar views of a prabe patent foramen ovale resulting from incomplete adhesion of the 
septum primum to the septum secundum. 
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Figure 14-24 Drawings of the right aspect of the interatrial septum (A toF) and sketches of frontal! sectlons 
through the septum (A, toF,) illustrating various types of atrial septal defect. A, Patent foramen ovale resulting 
from resorption of the septum primum in abnormal locations. 8, Patent foramen ovale caused by excessive 
resorption of the septum primum, sometimes called the “short flap defect.” C, Patent foramen ovale resulting 
from an abnormally Jarge foramen ovale. D, Patent foramen ovale resulting from (1) an abnormally large 
foramen ovale, and (2} excessive resorption of the septum primum. £ Endocardial cushion defect with primum 
type atrial septal defect. The frontal section £, also shows the cleft in the septal leaflet of the mitral valve. F, 
High septal defect resulting from abnormal absorption of the sinus venosus into the right atrium. Note that in é& 
and F the fossa ovalis has formed normaily. 
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Figure 14-25 Photographs of an adult heart with a large atrial septal defect. Half actual size. A, Anterior 
view showing the farge right ventricle, right atrium, and pulmonary trunk. 8, Right strial aspect showing the 


lerge atrial septal defect (arrow) resulting from en abnormally lerge foramen ovele and excessive resorption of 
the septum primum (see Figure 14-24D). 
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Figure 14-26 A, Photograph of an infant's heart, sectioned and viewed from the right side, showing a patent 
foramen ovale and a common atrioventricular canal. (From Lev, M.: Autopsy Diagnosis of Congenitally 
Malformed Hearts. 1953. Courtesy of Charles C Thomas, Publisher, Springfield, Ill.) 8, Schematic drawing of a 
heart illustrating various defects of the cardiac septa. 
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cessive resorption of the septum primum 
occurs, the resulting short septum primum 
does not close the foramen ovale {Fig. 14— 
24B). 

If an abnormally large foramen ovale re- 
sults from defective development of the sep- 
tum secundum, a normal septum primum will 
not close the abnorma! foramen ovale at 
birth (Fig. 14-24C). Large atrial septal de- 
fects may result from a combination of ex- 
cessive resorption of the septum primum and 
a large foramen ovale (Figs. 14~24D and 14— 
2D): 

Endocardial Cushion Defect with Primum 
Type ASD (Fig. 14-24E). The incomplete 
form of endocardial cushion defect is rela- 
tively common. The septum primum does 
not fuse with the endocardial cushions, leav- 
ing a patent foramen primum; usually there 
is also a cleft in the anterior cusp of the 
mitral valve. 

In the complete form of the endocardial 
cushion defect, fusion of the endocardial 
cushions does not occur. This produces a 
large hole in the center of the heart known as 
atrioventricularis communis (Fig. 14-26). 
Atrioventricularis communis occurs in about 
20 per cent of persons with the Down syn- 
drome (see Fig. 84); otherwise it is a rela- 
tively uncommon cardiac defect. 


Sinus Venosus Type ASD (Fig, 14-24F). All 
defects of this type are located high in the 
interatrial septum, peripheral to the fossa ovalis. 
They may result from incomplete absorption of 
the sinus venosus into the right atrium and/or 
abnormal development of the septum secundum. 
This type of ASD is commonly associated 
with partial anomalous pulmonary venous con- 
nections. The sinus venosus defect is one of the 
rarest types of ASD. 

Common Atrium. In this rare condition, the 
interatrial septum is completely absent. This de- 
fect results from failure of the septum pnmum and 
the septum secundum to develop. 


ABNORMALITIES OF THE 
INTERVENTRICULAR SEPTUM 


Ventricular septal defect (VSD) is the 
most common type of cardiac defect. Most 
septal defects involve the upper oval-shaped 
membranous part of the interventricular sep- 
tum. Isolated ventricular septal defects are 
detected at a rate of 10 to 12 per 10,000 
between birth and five years, and VSD 
occurs in about 20 per cent of children with 


congenital heart disease (Keith et al., 
1978). 

Membranous Septa! Defect (Fig. 14- 
26B). This is the most common type of 
VSD. Incomplete closure of the interventric- 
ular foramen and failure of the membranous 
part of the interventricular septum to devel- 
op result from failure of extensions of suben- 
docardial tissue to grow from the right side of 
the fused endocardial cushions and fuse with 
the aorticopulmonary septum and the mus- 
cular part of the interventricular septum 
(Fig. 14~-{8C). 


Muscular Septal Defect. This less common 
type of VSD may appear anywhere in the muscu- 
lar part of the septum. Sometimes there are 
multiple defects, the so-called “Swiss cheese”’ 
type of VSD. Muscular septal defects probably 
result from excessive resorption of myocardial 
tissue during formation of the muscular part of the 
interventricular septum. 

Absence of the Interventricular Sep- 
tum. Complete failure of the septum to form is 
very rare and results in a three-chambered heart, 
called cor triloculare biatriatum. 


ABNORMALITIES IN THE DIVISION OF 
THE TRUNCUS ARTERIOSUS 


Persistent Truncus Arterlosus (Fig. 14- 
27). This malformation results from failure of 
the aorticopulmonary septum to develop and di- 
vide the truncus arteriosus into the aorta and 
pulmonary trunk. Usually there is also defective 
fusion of the bulbar ndges. The most common 
type is a single arterial vessel that gives mse to the 
pulmonary trunk and ascending aorta (Fig. 14 
27A and B). In the next most common type, the 
right and left pulmonary artenes anse close to- 
gether from the dorsal wall of the persistent 
truncus artenosus (Fig. 14-27C). Two less com- 
mon types of persistent truncus arteriosus are 
illustrated in Figure 14-27D and E. 

Aorticopulmonary Septal Defect. This very 
rare condition consists of a round or oval opening, 
often called an aortic window, between the aorta 
and pulmonary trunk near the aortic valve. It 
results from a localized defect in the aorticopul- 
monary septum. 

Complete Transposition of the Great 
Vessels (Fig. 14-28). In typical cases, the 
aorta lies anterior to the pulmonary trunk 
and arises from the right ventricle; the pul- 
monary trunk arises from the left ventricle. 
For survival, there must be an associated 
septal defect or patent ductus arteriosus to 
permit some interchange between the pulmo- 
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Figure 14-27 Drawings Illustrating the main types of persistent truncus arterlosus. A, The common trunk 
divides Into an aorta and short pulmonary trunk. B, Sketch showing circulation in this heart and a ventricular 
septal defect. C, The right and left pulmonary arteries arise close together from the truncus arteriosus. D, The 
pulmonary arteries arise Independently from the sides of the truncus arterlosus. E, No pulmonary arteries are 
present. In such cases, the jungs are supplied by bronchlal arteries. 
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nary and systemic circulations. Although 
there have been many attempts to explain 
the embryological basis of transposition of 
the great arteries, the following conal growth 
hypothesis is favored by many investigators. 
During partitioning of the bulbus cordis and 
truncus arteriosus, the aorticopulmonary 
septum fails to pursue a spiral course. The 
straight septum probably results from failure 
of the conus arteriosus to develop normally 


truncal ridge 









during incorporation of the bulbus cordis 
into the ventricles. 

Unequal Division of the Truncus Ar- 
teriosus (Fig. 14-298 and C). Rarely, 
partitioning of the truncus arteriosus above 
the valves is unequal, resulting in one great 
artery being large and the other small (ste- 
notic). Often the aorticopulmonary septum is 
not aligned with the interventricular septum 
and a ventricular septal defect results. The 
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Figure 14~29 A to C, Sketches ot transverse sections illustrating partitioning ot the truncus arteriosus. A, 
Normal. 8, Unequal partitioning, giving rise ta a small pulmonary trunk. C, Unequai partitioning, resulting in a 
small aorta. D, Sketches iliustrating a normal semilunar valve and stenotic pulmonary and aortic vaives, 
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Figure 14-30 A, Drawing of an infant’s heart showing a small pulmonary trunk (pulmonary stenosis) and a 
large aorta resulting from unequal partitioning of the truncus arteriosus. There Is also hypertrophy of the right 
ventricle and a patent ductus arteriosus. B, Frontal section of a heart iJlustrating the tetralogy of Fallot. Observe 
the four cardiac abnormalities. Note that the large aorta stradd/es, or overrides, the VSD. 


larger vessel (aorta or pulmonary trunk) 
usually lies over (overrides) the ventricular 
septal defect. 

Pulmonary Stenosis (Figs. 14-29 and 
14-30). In pulmonary valve stenosis, the 
pulmonary valve cusps are fused together to 
form a dome with a narrow central opening 
(Fig. 14-29D). In infundibular pulmonary 
stenosis, the conus arteriosus (infundibulum) 
of the right ventricle is underdeveloped. The 
two types of pulmonary stenosis may occur 
together or as separate entities. Depending 
upon the degree of obstruction to blood flow, 
there is a variable degree of hypertrophy of 
the right ventricle. 

Tetralogy of Fallot (Fig. 14-30B). Thisisa 
classic and common group of cardiac de- 
fects, consisting of (1) pulmonary stenosis or 
narrowing of the region of the right ventricu- 
lar outflow, (2) ventricular septal defect, (3) 
overriding aorta, and (4) hypertrophy of the 
right ventricle. 

Pulmonary Atresia. If division of the 
truncus arteriosus 1S sO unequal that the 
pulmonary trunk has no lumen, or there is no 
orifice at the level of the pulmonary valve, 
the malformation is called pulmonary atre- 
sia. There may or may not be an associated 
ventricular septal defect. 

Aortic Stenosis and Atresia (Fig. 14- 
29D). Inaortic valve stenosis, the edges of 
the valve are usually fused together to form a 


dome with a narrow opening. This condition 
may be present at birth (congenital) or devel- 
op after birth (acquired). This valvular steno- 
sis causes eXtra work for the heart and 
results in hypertrophy of the left ventricle 
and the production of a heart murmur. 

In subaortic stenosis, there is often a band 
of fibrous tissue just below the aortic valve; 
this results from persistence of tissue that 
normally degenerates as the valve forms. 
When obstruction of the aorta or its valve is 
complete, the condition is called aortic atre- 
sid. 


FORMATION AND DERIVATIVES OF 
THE AORTIC ARCHES 


As the branchial arches develop during 
the fourth week (see Figs. 10-1 and 10-2), 
they receive arteries from the aortic sac, 
called aortic arches (Figs. 14-1 and 14-32). 
The aortic arches terminate in the dorsal 
aorta of the corresponding side. Although six 
pairs of aortic arches develop, they are not 
all present at the same time; e.g., by the time 
the sixth pair of aortic arches has formed, the 
first two pairs have involuted and disap- 
peared (Fig. 14-31C). 

During the sixth to eighth weeks, the prim- 
itive aortic arch pattern is transformed into 
the adult arterial arrangement. 

The First Pair of Aortic Arches. These 





FORMATION AND DERIVATIVES OF THE AORTIC ARCHES 327 


vessels largely disappear, but the remaining 
parts form the maxillary arteries. These 
aortic arches may also contribute to the 
development of the external carotid arteries. 

The Second Pair of Aortic Arches. 
Dorsal portions of these vessels persist and 
form the stems of the stapedial arteries. 

The Third Pair of Aortic Arches. The 
proximal parts of these arteries form the 
common carotid arteries, and the distal por- 
tions join with the dorsal aortae to form the 
internal carotid arteries. 

The Fourth Pair of Aortic Arches. The 
left fourth aortic arch forms part of the arch 
of the aorta. The proximal part of the arch of 
the aorta develops from the aortic sac and 
the distal part forms from the left dorsal 
aorta. 

The right fourth aortic arch becomes the 
proximal portion of the right subclavian ar- 
tery. The distal part of the subclavian artery 
forms from the right dorsal aorta and the 
right seventh intersegmental artery. The left 
subclavian artery is not derived from an 
aortic arch; it forms from the left seventh 
intersegmental artery (Fig. 14-324). As de- 
velopment proceeds, differential growth 
shifts the origin of the left subclavian artery 
cranially, so it comes to lie close to the origin 
of the left common carotid artery (Fig. 14- 
32D). 

The Fifth Pair of Aortic Arches. In 
about 50 per cent of embryos, the fifth pair of 
aortic arches are rudimentary vessels that 
soon degenerate, leaving no derivatives. In 
about as many embryos, these arteries never 
develop. 

The Sixth Pair of Aortic Arches. The 
left sixth aortic arch develops as follows: (1) 
The proximal part persists as the proximal 
part of the left pulmonary artery; and (2) the 
distal part, which passes from the left pulmo- 
nary artery to the dorsal aorta, persists as a 
shunt called the ductus arteriosus (Figs. 
14—32 and 14-33). 

The right sixth aortic arch develops as 
follows: (1) The proximal part persists as the 
proximal part of the right pulmonary artery; 
and (2) the distal part degenerates. 


The distal parts of the pulmonary arteries are 
derived from buds of the sixth aortic arches (Figs. 
14-31C and 14~32A) which grow into the develop- 
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Figure 14-31 Drawings illustrating the branchial 
and aortic arches, A, Left side of an embryo during 
stage 12 {about 26 days). B, Schematic drawing of 
this embryo showing the left aortic arches arising 
from the aortic sac of the truncus arteriosus, running 
through the branchial arches and terminating in the 
left dorsal aorta. C, An embryo during stage 16 
(about 37 days), showing the single dorsal aorta, and 
illustrating that the first two pairs of aortic arches 
have largely degenerated. 
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Figure 14-32 Schematic drawings illustrating the changes that result in transformation of the truncus 
arteriosus, aortic sac, aortic arches, and dorsal aortae into the adult arterial pattern. The vessels that are not 
shaded or colored are not derived from these structures. A, Aortic arches at six weeks: by this stage the first 
two pairs of aortic arches have largely disappeared. 8, Aortic arches at seven weeks; the parts of the dorsal 
aortae and aortic arches that normally disappear are indicated with broken lines. C, Arterial arrangement at 
eight weeks. D, Sketch of the arterial vessels of a six-month-old infant. Note that the ascending aorta and the 
pulmonary arteries are considerably smaller in C than in D. This represents the relative flow through these 
vessels at the different stages of development. Observe the large size of the ductus arteriosus in C, and note 
that it is essentially a direct continuation of the pulmonary trunk. 
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ing lungs. Following partitioning of the truncus 
arteriosus, the pulmonary arteries arise from the 
pulmonary trunk. 

Relations of the Aortic Arches and the 
Recurrent Laryngeal Nerves (Fig. 14- 
33). Tbe transformation of the sixth pair of 
aortic arches explains why the course of the 
recurrent laryngeal nerves differs on the two 
sides. These branches of the vagus nerves 
supply the sixth pair of branchial arches and 
hook around the sixth pair of aortic arches 
on their way to the larynx. 

On the right, because the distal part of the 
right sixth aortic arch and the fifth aortic 
artery degenerate, the right recurrent laryn- 
zeal nerve moves up and hooks around the 
proximal part of the right subclavian artery 
(the derivative of the fourth aortic arch). 

On the left, the left recurrent laryngeal 
nerve hooks around the ductus arteriosus 
(the persistent distal portion of the sixth 
aortic arch). When this vessel obliterates 
after birth, the nerve hooks around the liga- 
mentum arteriosum (the derivative of the 
ductus arteriosus) and the arch of the 
aorta. 


ABNORMAL TRANSFORMATION OF 
THE AORTIC ARCHES 


Because of the many changes involved in 
transformation of the embryonic aortic arch 
system into the adult artenal pattern, it is 
understandable that variations may occur. 
Abnormalities result from the persistence of 
parts of aortic arches that normally disap- 
pear, from disappearance of parts that nor- 
mally persist, or from both. 

Coarctation of the Aorta (Fig. 14- 
34). This relatively common malformation 
is characterized by a narrowing of the aorta, 
usually just above or below the ductus ar- 
teriosus. The classification into postductal 
and preductal coarctations is commonly 
used, but it must be stressed that in a signifi- 
cant number of instances the coarctation is 
directly opposite the ductus. 

Postductal Coarctation (Fig. 14-34A and 
B). Inthis common type, the constriction is 
just inferior to the ductus arteriosus, 
which usually closes and forms the ligamen- 
tum arteriosum. This location allows for bet- 
ter development of collateral circulation dur- 
ing the fetal period, thus assisting with 
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Figure 14-33 Diagrams showing the relations of 
the recurrent laryngeal nerves to the aortic arches 
and their derivatives. A, Six weeks, showing the 
recurrent laryngeal nerves hooked around the sixth 
pair of aortic arches. 8, Eight weeks, showing the 
right recurrent laryngeal nerve hooked around the 
right subclavian artery, and the left recurrent laryn- 
geal nerve hooked around the ductus arteriosus and 
the arch of the aorta. C, Adult, showing the left 
recurrent laryngeal nerve hooked around the liga- 
mentum arteriosum and the arch of the aorta. 
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Figure 14-34 A, Postductal caarctation of the aarta, the commonest type. 8, Diagrammatic representation 
of the common routes of collateral circulation that develap in association with coarctation of the aorta. C and 
D, Preductal coarctation. The type illustrated in D is usually associated with major cardiac defects. FE, Sketch of 
the aortic arch pattern in a seven-week embryo, shawing the areas that normally involute. Note that the distal 
segment of the right dorsal aorta narmally invalutes as the right subclavian artery develops. F, Localized 
abnormal involution of a small distal segment af the jJeft darsa!l aorta. G, Later stage showing the abnormally 
involuted segment appearing as a caarctation af the aorta. This moves (arrow) to the region of the ductus 
arteriosus with the left subclavian artery. These drawings illustrate one hypothesis on the embryologicai basis 
for coarctation of the aorta. For other hypotheses, see the text. 
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passage of blood to inferior parts of the body 
(Fig. 14-34 .B). 

Preductal Coarctation (Fig. I14-34C and 
D). In this less common type, the constric- 
tion is just superior to the ductus arterio- 
sus. The ductus usually remains open, pro- 
viding a communication between the 
pulmonary artery and the descending aorta. 
The narrowed segment is occasionally exten- 
sive (Fig. 14-34D). 


Causes of Coarctation. The causes of coarcta- 
tion are not clearly understood. Coarctation is a 
common finding in cases of Turner syndrome, a 
condition caused by the loss of a sex chromosome 
(see Chapter 8). This and other observations 
suggest that genetic factors or environmental fac- 
tors or both cause coarctation of the aorta (War- 
kany, 1971). 

The embryological basis of coarctation of the 
aorta is unclear; there are three main views: 

1, During formation of the aortic arch, muscle 
tissue of the ductus arteriosus may be incorporat- 
ed into the wall of the aorta; then, when the 
ductus contracts at birth, the ductal muscle in the 
aorta also contracts and forms a coarctation. 

2. There may be abnormal involution of a small 
segment of the left dorsal aorta (Fig. 14~-34F). 
Later this stenotic segment (area of coarctation) 
moves cranially with the left subclavian artery to 
the region of the ductus arteriosus (Fig. 14 
34G). 

3, During fetal life the segment of the arch of 
the aorta between the left subclavian artery and 
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the ductus arteriosus 1s normally narrow, because 
it carries little blood {Anderson and Ashley, 
1974). Following normal closure of the ductus 
arteriosus, this region (called the isthmus) nor- 
mally enlarges until it is the same diameter as the 
aarta. If the narrowing persists, a coarctation 
forms. Krediet (1965) believes that all types of 
caarctation are based on the existence of a steno- 
sis in the isthmus. 

Double Aortic Arch (Fig. 14-35). This rare 
abnormality is characterized by a vascular ring 
which may compress the trachea and esophagus. 
The ring results from failure of involution of the: 
distal portion of the right dorsal aorta; thus both 
right and left aortic arches arise from the ascend- 
ing aorta. The vascular ring is originally large but 
is reduced in size when (1) the descending aorta 
shifts to the left carrying the abnormal right aortic 
arch dorsally, and (2) the region of junction of the 
two dorsal aortae shifts upward. Usually the nght 
aortic arch is larger and passes posterior to the 
trachea and esophagus, 

Right Aortic Arch (Flg. 14-36). When the 
entire right dorsal aorta persists and the distal 
segment of the left dorsal aorta involutes, a right 
aortic arch results. There are two main types: 

Right Aortic Arch Without a Retroesophageal 
Component (Fig, 14-36B), The ductus arteriosus 
(or ligamentum arteriosum) passes from the right 
pulmonary artery to the right aortic arch. Because 
no vascular ring is formed, this condition is usual- 
ly asymptomatic. It is often associated with 
cardiac defects. 

Right Aortic Arch with Retroesophageal Compo- 
nent (Fig. 14-36C). Originally there was proba- 
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Figure 14-35 A, Drawing illustrating the embryological basis of double aortic arch. The distal portion of the 
right dorsal aorta persists and forms a right aortic arch. 8, A large right aortic arch and a smail left aortic arch 
arise from the ascending aorta and form a vascular ring around the trachea and esophagus. The right common 
carotid and subclavian arteries arise separately from the large right arch. 
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Figure 34-36 A, Sketch of the aortic arches 
showing abnormal involution of the distal portion of 
the left dorsal aorta and persistence of the entire 
right dorsal aorta and the distal portion of the right 
sixth aortic arch artery. 8, Right aortic arch without 
retroesophageal component. C, Right aortic arch 
with retroesophageal component. The retroesopha- 
geai arch and the norma! ductus arteriosus (ligamen- 
tum arteriosum) form a vascwlar ring that com- 
presses the esophagus and the trachea. 


bly a small ieft aortic arch (Fig. 14-358) which 
then disappeared, leaving the right aortic arch 
posterior to the esophagus. The normal left ductus 
arteriosus (or ligamentum arteriosum}) attaches to 
the descending aorta and forms a vascular ring, 
which may constrict the esophagus and trachea. 

Abnormal Origin of the Right Subclavian 
Artery or Retroesophageal Subclavian Artery 
(Fig. 14-37). The right subclavian artery arises 
from the descending aorta and passes posterior to 
the trachea and esophagus to supply the right 
upper limb. This abnormal origin of the right 
subclavian artery occurs when the right fourth 
‘aortic arch and the right dorsal aorta involute 
cranial to the seventh intersegmental artery, As a 
result, the right subclavian artery forms from the 
right seventh intersegmental artery and the distal 
part of the right dorsal aorta, As development 
proceeds, differential growth shifts the origin of 
the right subclavian artery cranially so that it 
comes to lie close to the origin of the left sub- 
clavian artery. Although anomalous right sub- 
clavian artery 1s common and always forms a 
vascular ring, it is rarely clinically significant 
because the ring is usually not tight enough to 
constrict the esophagus and trachea. 


FETAL AND NEONATAL CIRCULATION 


The fetal cardiovascular system is de- 
signed to serve prenatal needs and to permit 
modifications at birth which establish the 
postnatal circulatory pattern. Most of the 
quantitative data relative to the distribution 
of blood flows has been obtained from stud- 
ies on fetal lambs, but available human data 
suggest that the patterns are similar in the 
human fetus (Keith et al., 1978). 

Good respiration in the newborn infant is 
dependent upon circulatory changes occur- 
ring at birth. Thus, to understand conditions 
such as the respiratory distress syndrome, in 
which pulmonary hypoperfusion plays such 
an important role, it is necessary to under- 
Stand the fetal circulation and the changes 
that occur within the first hours after birth 
(Page et al, 1981). 

Course of the Fetal Circulation (Fig. 
14-38). Well-oxygenated biood returns 
from the placenta in the umbilical vein. This 
blood is about 80 per cent saturated with 
oxygen. The mferior vena eventually re- 
celves all the blood coming from the pla- 
centa. 

About half the blood from the placenta 
passes through the fepatic sinusoids, 
whereas the remainder by-passes the liver, 
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Figure 14-37 Sketches illustrating the embryologi- 
cal basis of abnormal origin of the right subclavian 
artery. A, The right fourth aortic arch and the cranial 
portion of the right dorsal aorta have involuted. As a 
result, the right subclavian artery forms from the right 
seventh Intersegmental artery and the distal segment 
of the right dorsal aorta. 8, As the arch of the aorta 
forms, the right subclavian artery is carried cranially 
(arrows) with the left subclavian artery. C, The abnor- 
mal right subclavian artery arises from the aorta and 
passes posterior to the trachea and the esophagus. 


going through the ductus venosus into the 
inferior vena cava. This blood flow is regulat- 
ed by asphincter in the ductus venosus close 
to the umbilical vein. When the sphincter 
relaxes, more blood passes through the 
ductus venosus; when the sphincter con- 
tracts, more blood is diverted through the 
portal sinus to the portal vein and hepatic 
sinusoids (Dickson, 1957). Although the 
presence of an anatomical sphincter in the 
ductus venosus is not universally accepted, 
there definitely appears to-be aphysiological 
sphincter which prevents overloading of the 
heart when venous flow in the umbilical vein 
is high, e.g., during a uterine contraction. 
After a short course in the inferior vena 
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cava, the blood enters the nght atrium of the 
heart. Because the inferior vena cava con- 
tains deoxygenated blood from the lower 
limbs, abdomen, and pelvis, the blood enter- 
ing the right atrium is not so well oxygenated 
as that in the umbilical vein, but it is still 
well-oxygenated blood (pO,, 25 to 28 mm. 
Hg). The blood from the inferior vena cava is 
largely directed by the lower border of the 
septum secundum, the crista_ dividens, 
through the foramen ovale into the left 
atrium (Fig. 14-40); here it mixes with a 
relatively small amount of deoxygenated 
blood returning from the lungs via the pulmo- 
nary veins. The fetal lungs extract oxygen 
from the blood instead of providing it. From 
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Figure 14-38 A simplified scheme of the fetal circulation, The colors indicate the oxygen saturation of the 
blood, and the arrows show the course of the fetal circulation, The organs are not drawn to scale. Observe that 
there are three shunts that permit most of the blood to bypass the liver and the lungs: (1) the ductus venosus, 
(2) the foramen ovale, and (3) the ductus arteriosus. 
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Figure 14-39 A simplified representation of the circulation after birth. The adult dertvatives of the fetal 
vessels and structures that become nonfunctional at birth are also shown. The arrows indicate the course of 
the neonatal circulation. The organs are not drawn to scale. After birth, the three shunts that short-circuited the 
blood during fetal life cease to functton, and the pulmonary and systemic circulations become separated. 
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Figure 14-40 A schematic diagram illustrating 
how the crista dividens (lower edge of the septum 
secundum) separates the blood from the inferior 
vena cava into two streams. The larger stream passes 
through the foramen ovale into the left atrium, where 
it mixes with a small volume of deoxygenated blood 
from the pulmonary veins. The smaller stream re- 
mains in the right atrium and mixes with a large 
amount of deoxygenated blood from the superior 
vena cava and the coronary sinus. 


the left atrium, the blood passes into the left 
ventricle and leaves via the ascending aorta. 
Consequently, the arteries to the heart, head 
and neck, and upper limbs receive well- 
oxygenated blood. 

A small amount of oxygenated blood from 
the inferior vena cava is diverted by the 
crista dividens and remains in the right 
atrium (Fig. 1440). This blood mixes with 
deoxygenated blood from the superior vena 
cava and coronary sinus and passes into the 
tight ventricle. The blood leaves via the 
pulmonary trunk, and most of it passes 
through the ductus arteriosus into the aorta. 
Because of the high pulmonary vascular re- 
sistance in fetal life, pulmonary blood flow is 
low. Only 5 to 10 per cent of the cardiac 
output goes to the lungs; this is adequate 
because they are not functioning and so 
require little blood. 

Forty to 50 per cent of the mixed blood in 
the descending aorta (about 58 per cent satu- 
rated with oxygen) passes into the umbilical 
arteries and is returned to the placenta for 
reoxygenation; the remainder circulates 
through the inferior half of the body. 

Changes in the Cardiovascular System 
at Birth (Fig. 14-39). Important circula- 
tory adjustments occur almost immediately 
at birth, when the circulation of fetal blood 


through the placenta ceases and the lungs 
begin to function. The three shunts that per-. 
mitted much of the blood to bypass the liver 
and the lungs cease to function. 

The foramen ovale, the ductus arteriosus, 
the ductus venosus, and the umbilical ves- 
sels are no longer needed. The sphincter in 
the ductus venosus constricts so that all 
blood reaching the liver must pass through 
the hepatic sinusoids. Occlusion of the pla- 
cental circulation causes an immediate fall of 
blood pressure in the inferior vena cava and 
the right atrium. Aeration of the lungs is 
associated with a dramatic fall in pulmonary 
vascular resistance, a marked increase in 
pulmonary blood flow, and a progessive thin- 
ning of the walls of the pulmonary arteries. 
The thinning of the walls of these arteries 
results mainly from stretching as the lungs 
increase in size with the first few breaths. 
As a result of this increased pulmonary blood 
flow, the pressure in the left atrium is raised 
above that in the right atrium. This increased 
left atrial pressure closes the foramen ovale 
by pressing the valve of the foramen ovale, 
formed by the septum primum, against the 
septum secundum. 

The right ventricular wall is thicker than 
the left ventricular wall in fetuses and in 
newborn infants because the right ven- 
tricle has been doing more work. Conse- 
quently, right ventricular hypertrophy is an 
inaccurate description.of the otherwise nor- 
mal heart of a newborn. By the end of the 
first month, the left ventricular wall is thicker 
than the right ventricular wall because the 
left ventricle is now working harder than the 
right one. Furthermore, the right ventricular 
wall becomes thinner, owing to the atrophy 
associated with its lighter workload. 

The ductus arteriosus constricts at birth, 
but there is often a smail shunt of blood from 
the aorta to the left pulmonary artery for a 
few days. The ductus arteriosus becomes 
functionally closed within 10 to 15 hours 
after birth, but in premature infants and in 
those with persistent hypoxia, it may remain 
open much longer (Page et al., 1981). Ciosure 
of the ductus arteriosus appears to be me- 
diated by bradykinin, a substance released 
from the lungs during their initial inflation 
(Melmon et al., 1968). The action of this 
substance appears dependent on the high 
oxygen content of the aortic blood which 
normally results from ventilation of the lungs 
at birth. 


THE FORMATION OF BONES 


1. Hadith: 


bey SoiejT ail obey J dale Gass (FTG » 
UWS JOS OS fe dae as Bb, 3 
«., US [be ides 


(45 3 ba we gy uF pleut - eal HS — line mie } 
Ne 


“In every one of you all compo- 
nents of your creation are gathered 
together by 40 days and in that it is 
an “‘Alaqah” like that, then in that 

itisa “Mudghah” like that’. 
(Muslim: Kitab Al-Qadar and Bukhari, 
but without the word “in that”) 


According to this Hadith the bones are 
among the parts of the creation which are 
gathered together during the first 40 days. 
According to the modern embryological 
descriptions all the systems of the body are 
represented by primordia during the first 6 
weeks when the embryo is i cm long (see 
Jam‘a Al-Khalg, p 84a). These organs, 
however, do not have the forms we are 
familiar with. This is also true of the bones at 
this stage. They are being formed but have not 
yet taken the shapes and forms of the bones we 
know. 


2. Qur’an: 


ie 0 ftp Od ADE yp fp 


oo 8 Ate aah tel 
Aes iCaGa ae aie Ral Iya) 
9€ AT Ope $b By ge Garis 


“And then we changed the leech- 
like structure into a mudghah 
(chewed-like substance) then we 
made out of that mudghah bones 
{skeleton)”’. 

(Surah Al-Mu’minun, Ayah 14) 


This Ayah tells us that the bones follow the 
mudghah stage. As explained on p 84a (Jam‘a 
Al-Khalq) the mudghah stage ends by about 
40 days. Thus the bones stage comes after the 
first 40 days. This conclusion was reinforced 
by the Hadith: 
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“When 42 nights have passed over 
the Nutfah, Allah sends an angel to 
it, who shapes it and makes its ears, 
eyes, skin, flesh and bones”... . 
(Sahih Muslim: Kitab Al-Qadar) 


Also see p 86c ‘After the 42nd day’. 

The reason for calling it the bones stage is 
that at this time spreading of the skeleton 
starts, giving the body its human shape. 

This skeleton, however, is made of a soft 
substance at this stage {cartilage} which 
eventually changes to another creation 
( =! t+ ) during the stage of Al-Nash’ah. 


3. The Qur’an also points out the nature of 
this advancement in the developmental 
process (change in the creation) of the embryo 
which becomes another creation physically 
and spiritually. 


CAFE NS be AE as...) 
( Osudtics estat ae ates 
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“Then We made of that mudghah 
bones (skeleton) then We clothed 
the bones with flesh (muscles) then 
We developed out of him another 
creation so blessed be Allah the 
best to create”. 

(Surah Al-Mu’minun, Ayah 14) 


Apparently the ossification has its share in 
the overall development ( +! la ) and 
change from cartilage to-bone. 

From the table comparing three Ayah on 
the stages of development (see page 446 b) we 
see that the bones stage corresponds with the 
straightening and making even stage (Sawwa). 

By comparing the two Ayahs it becomes 


356a 





clear that the first stage in both 1s ‘Alaqah and 
the second in one Ayah ts mudghah which 
corresponds to “Khalq” stage; this 1s the stage 
when all the organs are formed in the form of 
primordia i.e. Jam‘a Al-Khalg. Following 
upon mudghah came the bones tn one Ayah 
and “Sawwa” in the other. This last expression 
in Arabic gives the following meanings: 

1. to straighten the position of the body from 

a bent position and 


2. to make uneven things levelled. 

The embryo at the 7th week has a bent back 
thus taking the shape of the letter C during the 
mudghah stage. In the bones stage the bending 
position is straightened and the surface 
becomes more even (due to the disappearance 
of prominances and depressions). 

The descriptions of the development of the 
bones in the Qur’an and Hadith revealed 1400 
years ago have now been confirmed by 
scientists. Thus these must have been a 
revelation from Allah who has _ perfect 
knowledge and wisdom; as stated in the 
Qur’an: 


“ ose Be ae ate ae 
(6,655 nora gai ) 
SAN Mei ay ye 

“As to you, the Qur’an ts bestowed 
upon you from the presence of One 
Who is wise and all-knowing”. 


(Surah An-Naml, Ayah 6) 


Repeating the description of an unseen 
thing can only increase the possibility of error, 
but we only see more clarification and 
explanation in the Qur’an. 


Wed al sce ES Oy 555 Sl) 

AY 4) sladl 55 gue 
“Do they not consider the Qur'an 
(with care)? Had it been from other 
than Allah, they would surely have 
found therein much discrepancy”! 
(Surah An-Nisa’a, Ayah 82) 
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The patency of the ductus arteriosus be- 
fore birth is under the control of locally 
produced prostaglandins that act on the 
muscle cells in the wall of the ductus arterio- 
sus, causing them to relax (Page et al., 1981). 
Inhibitors of prostaglandin synthesis, such as 
indomethacin, can pharmacologically cause 
constriction of a patent ductus arteriosus in 
premature infants (Vaughan et al., 1979). 

The umbilical arteries constrict at birth, 
preventing loss of the infant’s blood. If the 
cord is not tied for a minute or so, blood 
flow through the umbilical vein continues, 
transferring some blood from the placenta 
to the infant. 

The change from the fetal to the adult 
pattern of circulation is not a sudden occur- 
rence, It takes place over a period of days 
and weeks. During the transitional stage, 
there may be a right-to-left flow through the 
foramen ovale, and the ductus arteriosus 
usually remains patent for two or three 
months. The closure of the fetal vessels and 
the foramen ovale is initially a functional 
change; later there is anatomical closure 
resulting from proliferation of endothelial 
and fibrous tissues. 


Adult Derivatives of Fetal Vessels and 
Structures Associated with the Fetal Circula- 
tion (Figs. 14-39, 14-41 and 14-42). Because 
of the changes in the cardiovascular system at 
birth, certain vessels and structures are no longer 
required, Their adult derivatives are: 

1. The intra-abdominal portion of the umbilical 
vein becomes the ligamentum teres, which passes 
from the umbilicus to the porta hepatis where it 
attaches to the left branch of the portal vein (Fig. 
14-41). The umbilical vein remains patent for 
some time and may be used for exchange transfu- 
stons during early infancy. This is done to prevent 
brain damage and death of anemic erythroblastot- 
ic infants. Most of the infant’s blood is replaced 
with donor blood. See Allen and Umansky (1972) 
for a discussion of exchange transfusions and 
their use in the postnatal management of 
erythroblastosis fetalis. The lumen of the umbili- 
cal vein usually does not disappear completely, 
and so the ligamentum teres usually can be can- 
nulated in adults, if necessary, for the injection of 
contrast medium or chemotherapeutic drugs 
(Kessler and Zimman, 1966). The potential pa- 
tency of this vein may also be of functional 
significance in hepatic cirrhosis (Butler, 1952a). 

2. The ductus venosus becomes the ligamen- 
tum venosum, which passes through the liver 
from the left branch of the portal vein to the 


inferior vena Cava to which it is attached (Fig. 14— 
41). 

3. Most of the intra-abdominal portions of the 
umbilical arteries become the mediat umbilical 
ligaments; the proximal parts of these vessels 
persist as the superior vesical arteries. 

4. The foramen ovale normally closes function- 
ally at birth. Later, anatomical closure results 
from tissue proliferation and adhesion of the sep- 
tum primum (the valve of the foramen ovale) to 
the left margin of the septum secundum. Thus, the 
septum primum forms the floor of the fossa ovalis 
(Fig. 14-42). The lower edge of the septum secun- 
dum forms a rounded fold, the limbus fossae 
ovalis (anulus ovalis), which marks the former 
cramal boundary of the foramen ovale. In up to 25 
per cent of persons, complete anatomical closure 
fails to occur. See previous description of probe 
patent foramen ovale and Figure 14—23B. 

5. The ductus arteriosus becomes the ligamen- 
tum arteriosum, Which passes from the left pul- 
monary artery to the arch of the aorta. Anatomi- 
cal closure of the ductus normally occurs by the 
end of the third month. 

Patent Ductus Arteriosus (Fig. 14- 
43). This common malformation is two to 
three times more frequent in females than in 
males. The reason for this is not Known. 
Patent ductus arteriosus is the most common 
congenital malformation associated with ma- 
ternal rubelia infection during earty preg- 
nancy (see Chapter 8), but the mode of 
action of this teratogen (rubella virus) is un- 
clear. 

The embryological basis of patent ductus 
arteriosus is failure of the ductus arteriosus 
to involute after birth and form the ligamen- 
tum arteriosum., Failure of contraction of the 
muscular wall of the ductus arteriosus is the 
primary cause of patency (Gray and Skan- 
dalakis, 1972). There is some evidence that 
the low oxygen content of the blood in 
neonatal respiratory distress can adversely 
affect closure of the ductus arteriosus (Rec- 
ord and McKeown, 1953). There are also 
reports indicating that patent ductus arterio- 
sus is found more often in populations living 
at high altitudes than in those living near sea 
level (Warkany, 1971). Large differences be- 
tween aortic and pulmonary pressures can 
cause heavy flow through the ductus arterio- 
sus, thereby preventing normal constriction. 
Such pressure differences may be caused by 
preductal coarctation of the aorta (Fig. 14 
34C), transposition of the great vessels, or 
pulmonary stenosis and atresia (Fig. 14 
30). 
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Figure 14-41 Photographs of posterior views of dissected iivers showing their visceral surfaces. Actual 
size. A, Fetal liver. 8, Adult liver. 
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Figure 14-42 Slightly retouched photograph of the right etrial aspect of an adult interetrial septum showing 
the fossa ovalis and the limbus fossae ovalis (x1.5). The floor of the fossa ovalis is derlved from the septum 
primum, whereas the ilmbus fossae ovalis represents the free edge of the septum secundum. 


THE LYMPHATIC SYSTEM 


The lymph vascular system begins to de- 
velop at the end of the fifth week, about two 
weeks later than the cardiovascular system. 
Lymphatic vessels develop in a manner simi- 
lar to that previously described for blood 
vessels (see Chapter 4), and make connec- 
tions with the venous system. Another cur- 
rent view 1s that the earliest lymph vessels 


norrow patent 
ductus 
orteriosus 





oorta 





pulmanory |: 
p trunk 


arise as capillary offshoots from the en- 
dothelium of veins (Yoffey and Courtice, 
1970). 

There are six primary lymph sacs (Fig. 
14—44A): (1) two jugular lymph sacs near the 
junction of the subclavian veins with the 
anterior cardinal veins (the future internal 
jugular veins); (2) two iliac lymph sacs near 
the junction of the iliac veins with the poste- 
rior cardinal veins; (3) one retroperitoneal 


wid =a ligamentum 
sa atl dda arteriosum 
ductus 

oreriosus 






pulmonary 
ortery 





Figure 14-43 A, The ductus arteriosus of a newborn infant. The ductus is normaily patent for about two 
weeks after birth. 8, Abnormal! patent ductus arteriosus in a six-month-old infant. The ductus is nearly the same 
size as the left pulmonary artery. C, The ligamentum arteriosum, normal remnant of the ductus arteriosus, ina 


$six-month-old infant. 


right ventricle 
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Figure 14-44 Diagrams illustrating development 
of the lymphatic system in the human embryo. A, Left 
side of a seven-week embryo, showing the primary 
lymph sacs. 8, Ventral view of the lymphatic system 
at about nine weeks, showing the paired thoracic 
ducts. C, Later stage, illustrating formation of the 
aduit thoracic duct and the right lymphatic duct. 


lymph sac in the root of the mesentery on the 
posterior abdominal wall; (4) one cisterna 
chyli dorsal to the retroperitoneal lymph 
sac, 

Lymphatic vessels grow out from these 
lymph sacs, principally along main veins, to 
the head, neck, and upper limbs from the 
jugular lymph sacs, to the lower trunk and 
lower limbs from the iliac lymph sacs, and 


to the gut from the retroperitoneal lymph 
sac and the cisterna chyli. 

Two large channels (right and left thoracic 
ducts) connect the jugular lymph sacs with 
the cisterna chyli; soon an anastomosis 
forms between these channels (Fig. 14-44B). 
The adult thoracic duct develops from (1) the 
caudal part of the right thoracic duct; (2) the 
anastomosis; and (3) the cranial part of the 
left thoracic duct. Because the primitive tho- 
racic ducts are paired, there are many varia- 
tions in the origin, course, and termination of 
the adult thoracic duct (Gray and Skandala- 
kis, 1972). The right lymphatic duct is 
derived from the cranial part of the right 
thoracic duct (Fig. 14-44C). The thoracic 
and right lymphatic ducts become connected 
with the venous system at the angle between 
the internal jugular and subclavian veins 
(Fig. 14-44C). The superior portion of the 
embryonic cisterna chyli persists in the 
adult. 

Development of Lymph Nodes. Ex- 
cept for the superior portion of the cisterna 
chyli, the lymph sacs become transformed 
into groups of lymph nodes during the early 
fetal period. Surrounding mesenchymal cells 
invade each lymph sac and break up the 
original cavity into a network of lymphatic 
channels, the lymph sinuses. Some mesen- 
chymal cells give rise to the capsule and 
connective tissue framework of the lymph 
node. The /ymphocytes that appear in lymph 
nodes before birth are derived from the 
thymus gland, a derivative of the third pair of 
pharyngeal pouches (see Fig. 10-7). Small 
lymphocytes leave the thymus and circulate 
to the other lymphoid organs. Later, some 
mesenchymal cells in the nodes differentiate 
into lymphocytes. Lymph nodules do not 
appear in the lymph nodes until just before 
and/or after birth, Lymph nodes also de- 
velop, as described, along the course of 
major lymph vessels. 


The spleen develops from an aggregation of 
mesenchymal cells in the dorsal mesentery of the 
stomach (see Chapter 12). The palatine tonsils 
develop from the second pair of pharyngeal 
pouches {see Chapter 10). The tubal tonsils 
develop from aggregations of lymph nodules 
around the pharyngeal openings of the auditory 
(eustachian) tubes. The pharyngeal tonsils 
(“adenoids”) develop from an aggregation of 
lymph nodules in the wall of the nasopharynx. 
The lingual tonsil develops from an aggregation of 
lymph nodules in the root of the tongue. Lymph 
nodules also develop in the mucosa of the respira- 
tory and digestive systems. 
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ABNORMALITIES OF THE LYMPHATIC 
SYSTEM 


Congenital malformations of the lymphatic 
system are rare. There may be diffuse swell- 
ing of a part of the body or of an extremity 
(congenital lymphedema). This condition 
may result from dilatation of primitive lym- 
phatic channels or from a congenital hypo- 
plasia of lymphatic vessels. More rarely, 
diffuse cystic dilatation of lymphatic chan- 
nels involves widespread portions of the 
body. 


Cystic Lymphangioma or Cystic Hygro- 
ma. These large swellings usually appear in the 
inferior third of the neck and consist of iarge single 
or multilocular fluid-filled cavities. Hygromas 
may be present at birth, but they often become 
evident during infancy. Most hygromas are proba- 
bly derived from abnormal transformation of the 
jugular lymph sacs. Hygromas are believed to 
arise from (1} portions of the jugular lymph sac 
that are pinched off, or (2) lymphatic spaces that 
fail to establish connections with the main lym- 
phatic channels. 


SUMMARY 


The cardiovascular system begins to de- 
velop during the third week from splanchnic 
mesoderm in the cardiogenic area. Paired en- 
docardial heart tubes form and fuse into a 
single heart tube, the primitive heart. By the 
end of the third week, a functional cardiovas- 
cular system is present. As the heart tube 
grows, it bends to the right and soon acquires 
the general external appearance of the adult 
heart. The heart becomes partitioned into 
four chambers between the fourth and 
seventh weeks. 

Three systems of paired veins drain into 
the primitive heart: (1) the vitelline system, 
which becomes the portal system; (2) the 
cardinal veins, which form the caval system; 
and (3) the umbilical system, which involutes 
after birth, except for a few adult deriva- 
tives. 

As the branchial arches form during the 
fourth and fifth weeks they are penetrated by 
arteries, referred to as aortic arches, which 
arise from the aortic sac. During the sixth to 
eighth weeks, this primitive aortic arch pat- 
tern is transformed into the adult arterial 
arrangement of the carotid, subclavian, and 
pulmonary arteries. 

The critical period of heart development is 


from about day 20 to day 50. There are 
numerous critical events during cardiac de- 
velopment, and deviation from the normal 
pattern at any one time may produce one or 
more cardiac defects. Because partitioning 
of the heart is complex, defects of the cardi- 
ac septa are relatively common, particularly 
ventricular septal defects. Some congenital 
malformations result from abnormal trans- 
formation of the aortic arches into the adult 
arterial pattern. 

Because the lungs are nonfunctional dur- 
ing prenatal life, the fetal cardiovascular 
system is structurally designed so that blood 
is oxygenated in the placenta and largely 
bypasses the lungs. The modifications that 
establish the postnatal circulatory pattern at 
birth are not abrupt, but extend into infancy. 
Failure of the normal changes in the circula- 
tory system to occur at birth results in two of 
the most common congenital abnormalities 
of the heart and great vessels: patent fora- 
men ovale and patent ductus arteriosus. 

The lymphatic system begins to develop 
during the fifth week in close association 
with the venous system. Six primary lymph 
sacs develop which later become intercon- 
nected by lymph vessels. Lymph nodes de- 
velop along the meshwork of lymphatic 
vessels; lymph nodules do not appear until 
just before and/or after birth. Sometimes a 
part of the jugular lymph sac becomes 
pinched off and may give rise to a tumor-like 
mass of dilated lymphatic vessels, called a 
cystic hygroma. ° 


SUGGESTIONS FOR ADDITIONAL 
READING 


Anderson, R. H., and Ashley, G. T.: Growth and 
development of the cardiovascular system: (a) ana- 
tomical development; in J. A. Davis and J. Dobbing 
(Eds.): Scientific Foundations of Paediatrics, Phila- 
delphia, W. B. Saunders Co., 1974, pp. 165-198. A 
comprehensive discussion of early development of 
the cardiovascular system and a well-illustrated ac- 
count of congenital abnormalities of the heart and 
great vessels. 

Shinebourne, E. A.: Growth and development of the 
cardiovascular system: (b} functional development; in 
J. A. Davis and J. Dobbing (Eds.): Scientific Founda- 
tions of Paediatrics, Philadelphia, W. B. Saunders 
Co., 1974, pp. 198-213. A very good account by a 
consultant pediatric cardiologist of the changes that 
lake place tn Lhe circulation at birth. Thorough. dis- 
cussions of the dramatic alterations in systemic and 
pulmonary vascular resistance as Well as closure of 
ihe ducius arleriosus, foramen ovale, and ductus 
venosus. 
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CLINICALLY ORIENTED PROBLEMS 


1. What is the most common type of congenita! cardiovascular malformation? © 
How common is it? ; 

2. A female infant was born normally after a pregnancy complicated by arubella 
infection (German measles) during the first trimester of pregnancy. She had 
congenital cataracts and congenital heart disease. A radiograph of the 
infant's chest at three weeks showed generalized cardiac enlargement with 
some increase in pulmonary vascularity. What congenital cardiovascular 
abnormality is commonly associated with materna/ rubella during early 
pregnancy? What probably caused the cardiac enlargement? 

3. In tetralogy of Fallot there are four cardiac abnormalities. Name them. What 
radiographic technique might be used to confirm a tentative diagnosis of 
this type of congenital heart disease? 

4. A male infant was born after a full-term normal pregnancy. Severe general- 
ized cyanosis was observed on the first day. A chest film revealed a slightly 
enlarged heart with a narrow base and increased pulmonary vascularity. A 
clinical diagnosis of transposition of the great vesse/s was made. What ra- 
diographic technique would likely be used to verify the diagnosis? What 
would this technique reveal in the present case? How was the infant able to 
survive after birth with this severe congenital abnormality of the great arter- 
ies? ; 

5. During an autopsy on a 72-year-old man who had died following chronic @ 
heart failure, it was observed that the heart was very large and that the pul-  @ 
monary artery and its main branches were dilated. Opening the heart re~ 7 
vealed a large atrial septal defect. What type of ASD was probably present? @ 
Where would the defect likely be located? Explain why the pulmonary artery | 








and its main branches were dilated. 


The answers to these questions are given at the back of the book. 4 
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THE ARTICULAR AND 
SKELETAL SYSTEMS 


The articular and skeletal systems develop 
from mesoderm, the formation of which ts 
described in Chapter 4. With the formation 
of the notochord and the neural tube, the 
intraembryonic mesoderm lateral to these 
structures thickens to form two longitudinal 
columns of paraxial mesoderm. The somites 
arise from the paraxial mesoderm, beginning 
during stage 9 (about 20 days). Externally, 
they appear as pairs of bead-like eleva- 
tions along the dorsolateral surface of the 
embryo (see Fig. 5-9). The development and 
early differentiation of the somites are illus- 
trated in Figure 15-1. Each somite becomes 
differentiated into a ventromedial part called 
the sclerotome and a dorsolateral part called 
the dermomyotome. Initially, the somites are 
composed of compact aggregates of mesen- 
chymal cells. 

Shortly after the somites form, their ven- 
tral and medial walls lose their organization 
and break up into sclerotomal cells, which are 
collectively referred to as the sclerotomes 
(Fig. 15-1). Sclerotomal cells soon surround 
the notochord and the neural tube, and form 
the primordia of the vertebrae and the ribs. 
Although it has been commonly stated 
that the sclerotomal cells migrate medially 
to surround the notochord, recent investiga- 
tions indicate that these cells probably do 
not migrate medially, but their positions 
change relative to surrounding structures 
because of shifts brought about by the 
growth of these structures. (Blechschmidt 
and Gasser, 1978, and Gasser, 1979). 

Cells of the sclerotomes give rise to the 
vertebral column and the ligaments associat- 
ed with it. The dermomyotome (all but the 
sclerotome of a somite), gives rise to 
the dermis of the skin and to the dorsal mus- 
culature. 

Mesodermal cells give rise to a loosely 
organized tissue known as mesenchyme (em- 
bryonic connective tissue), Mesenchymal 
cells have the ability to differentiate in many 
different ways, e.g., into fibroblasts, chon- 
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droblasts, or osteoblasts. In addition to mes- 
enchyme of somite origin, there is mes- 
enchyme that develops from the splanchnic 
and somatic mesoderms. Some mesenchyme 
in the head region is derived from neuroec- 
toderm, e.g., neural crest cells, which give 
rise to bones of branchial arch origin (see 
Chapter 10). 


DEVELOPMENT OF BONE 
AND CARTILAGE 


Most bones first appear as condensations 
of mesenchymal cells that form hyaline car- 
tilage models that become ossified by en- 
dochondral ossification. Some bones devel- 
op in mesenchyme by intramembranous 
bone formation. 

Histogenesis of Cartilage. Cartilage 
develops from mesenchyme and first appears 
in embryos of about five weeks. In areas 
where cartilage is to develop, the mesen- 
chyme condenses and the cells proliferate 
and become rounded. Subsequently, colla- 
genous fibers and/or elastic fibers are depos- 
ited in the intercellular substance, or matrix. 
The chondroblasts form the collagenous 
fibrils and the ground substance of the 
matrix. Three types of cartilage (hyaline, 
fibrocartilage, and elastic) are distinguished 
according to the type of matrix formed. Of 
these, hyaline cartilage is the most widely 
distributed type. 

Histogenesis of Bone. Bone always de- 
velops by transformation of pre-existing con- 
nective tissue; it develops in two types of 
connective tissue, mesenchyme and carti- 
lage. Like cartilage, bone consists of cells 
and an organic intercellular substance called 
its matrix, which consists of collagen fibrils 
embedded in an amorphous component. 

Intramembranous Ossification (Fig. 15-2). 
This type of bone formation occurs in 
mesenchyme. Because the mesenchyme 
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Figure 15-1 Transverse sections through em- 
bryos of various ages, illustrating the formation and 
early differentiation of somites. A, Presomite embryo 
during stage 8 (about 18 days), showing the paraxial 
mesoderm from which the somites are derived. B, 
Embryo during stage 10 (about 22 days). C, Embryo 
during stage 12 (about 26 days). The dermomyotome 
region of the somite gives rise to a myotome anda 
skin plate. D, Embryo during stage 13 (about 28 
days). The arrows indicate apparent migration of 
cells from the sclerotome regions of the somites. 


forms a layer, it was at first regarded as a 
membrane. This explains why ossification 
occurring in mesenchyme was called intra- 
membranous ossification. The mesenchyme 
condenses and becomes highly vascular; 
some cells differentiate into osteoblasts 


(bone-forming cells) and begin to deposit 
matrix, or intercellular substance, called os- 
ieoid (bone-like) tissue, or prebone. The 
osteoblasts are almost completely separated 
from each other, contact being maintained 
by a few tiny processes only. Calcium phos- 
phate is deposited in the osteoid tissue. By 
some yet unknown mechanism, this tissue 1s 
organized into bone. Bone osteoblasts be- 
come trapped in the matrix and become 
osteocytes. 

The new bone at first has no organized 
pattern, being formed in spicules. The spic- 
ules soon become organized and coalesce 
into lamellae (layers). Concentric lamellae 
form around blood vessels, forming Haver- 
sian systems, Some osteoblasts remain at the 
periphery of the developing bone and contin- 
ue to lay down layers, forming plates of 
compact bone on the surfaces, Between the 
surface plates, the intervening bone remains 
spiculated or spongy. This spongy environ- 
ment is Somewhat accentuated by the action 
of cells of different origin, called osteoclasts, 
which absorb bone. In the interstices of 
spongy bone, the mesenchyme differentiates 
into bone marrow. During fetal and postnatal 
life, there is continual remodeling of bone by 
simultaneous action of osteoclasts and os- 


uncalcified matrix 





calcified matrix capillary 


mesenchyme osteocyte 


osteoblast 


Figure 15-2 Photomicrograph showing _ intra- 
membranous ossification {x100). The section is cut 
through a spicule of bone in the developing mandi- 
ble. {Courtesy of Professor Jean Hay, Department of 
Anatomy, University of Manitoba.) 
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Figure 15-3 Schematic diagrams illustrating intracartilaginous, or endochondral, ossitication and the 
development of a typical long bone. A to / are longitudinal sections, and A, to D, are cross sections at the levels 
indicated. A, Cartilage model of the bone. 8, A subperiosteal ring of bone appears. C, Cartilage begins to 
calcify.D, Vascular mesenchyme enters the calcified cartilage. E, At each diaphyseo-epiphyseal junction, there 
is a zone of ossification. F, Blood vessels and mesenchyme enier the superior epiphyseal cartilage. G, The 
epiphyseal ossification center grows. H, A similar center develops in the inferior epiphyseal cartilage. /, The 
inferior epiphyseal plate is ossified. J, The superior epiphyseal plate ossifies, forming a continuous bone mar- 
row cavity. When the epiphyseal plates ossify, the bone can no longer grow in length. (Modified from Bloom, 
W., and Fawcett, D. W.: A Textbook of Histofogy. 10th ed. Philadelphia, W. B. Saunders Co., 1975.} 
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teoblasts, but the activity of the osteoblasts 
slows down in females after the meno- 
pause. 

Ossification begins at the end of the em- 
bryonic period and thereafter makes de- 
mands on the maternal supply of calcium and 
phosphorus. Pregnant women are advised to 
maintain adequate intake of these elements 
in order to preserve healthy bones and 
teeth. 

Intracartilaginous (Endochondral) Ossifica- 
tion (Fig. 15-3). This type of bone forma- 
tion occurs in pre-existing cartilaginous mod- 
els. In a long bone, for example, the primary 
ossification center appears in the diaphysis 
(the portion of a long bone between the ends, 
or extremities), also called the body, or 
shaft. Here the cartilage cclls increase in 
size, or hypertrophy, the matrix becomes 
calcified, and the cells die. Concurrently, a 
thin layer of bone is deposited under the 
perichondrium surrounding the diaphysis; 
thus, the perichondrium becomes the perios- 
teum. Invasion of vascular connective tissue 
from the periosteum breaks up the cartilage. 
Some of these invading cells differentiate 
into hemopoietic cells of the bone marrow, 
and others differentiate into osteoblasts that 
deposit bone matrix on the spicules of calci- 
fied cartilage. This process continues toward 
the epiphyses, or ends of the bone. The 
spicules of bone are remodeled by the action 
of osteoclasts and osteoblasts. 

Lengthening of long bones occurs at the 
diaphyseal-epiphyseal junetion. The carti- 
lage cells in this region proliferate by mitosis. 
Toward the diaphysis, the cartilage cells 
hypertrophy, and the matrix becomes cal- 
cified and broken up into spicules by vascu- 
lar tissue from the marrow, or medullary 
cavity. Bone is deposited on these spicules; 
absorption of this bone keeps the spongy 
bone masses relatively constant in length and 
enlarges the marrow cavity. The region of 
bone formation at the center of the body ofa 
long bone is called the primary (diaphyseal) 
ossification center (Fig. 15-3F). At birth, the 
diaphyses are largely ossified, but most 
epiphyses are still cartilaginous. 

Most secondary (epiphyseal) ossification 
centers appear in the epiphyses during the 
first few years of the postnatal period. The 
epiphyseal cartilage cells hypertrophy, and 
there is invasion of vascular connective tis- 
sue. Ossification, as described previously, 
spreads in all directions, and only the articu- 
lar cartilage and a transverse plate of car- 


tilage, the epiphyseal cartilage plate, remain 
cartilaginous. Upon completion of growth, 
this epiphyseal plate is replaced by spongy 
bone, the epiphyses and the diaphysis are 
united, and further elongation of the bone 
does not occur. In most bones, the epiphyses 
have fused with the diaphysis by about the 
age of 20 years. Growth in diameter of the 
bone results from deposition of bone at the 
periosteum and from absorption on the med- 
ullary surface. The rate of deposition and 
absorption is balanced to regulate the thick- 
ness of the compact bone and the size of the 
marrow cavity. The internal reorganization 
of bone continues throughout life. 

Development of irregular bones is similar 
to that of the epiphyses of long bones. Ossifi- 
cation begins centrally and spreads in all di- 
rections. 


DEVELOPMENT OF JOINTS 


The terms articulation and joint are used 
synonymously to refer to the structural ar- 
rangements that join two or more bones 
together at their place of meeting. Joints may 
be classified in several ways. Joints with 
little or no movement are classified accord- 
ing to the type of material holding the bones 
together, e.g., the bones involved in fibrous 
joints are joined by fibrous tissue (Fig. 15 
4D). 

Synovial Joints (Fig. 15-48). The me- 
senchyme between the developing bones, 
known as the interzonal mesenchyme, dif- 
ferentiates as follows: (1) Peripherally, it 
gives rise to the capsular and other liga- 
ments. (2) Centrally, it disappears and forms 
the joint cavity. (3) Where it lines the capsule 
and the articular surfaces, it forms the syn- 
ovial membrane. Probably as a result of joint 
movement, the mesenchymal cells subse- 
quently disappear from the surfaces of the 
articular cartilages. Examples of this type of 
joint are the knee and elbow joints. 

Cartilaginous Joints (Fig. 15-4C). The 
interzonal mesenchyme between the devel- 
oping bones differentiates into hyaline car- 
tilage (e.g., the costochondral joints} or fibro- 
cartilage (e.g., the symphysis pubis). Hyaline 
cartilage caps the bones participating in the 
joint. 

Fibrous Joints (Fig. 15-4D). The inter- 
zonal mesenchyme between the developing 
bones differentiates into dense fibrous con- 
nective tissue, e.g., the sutures of the skull 
(Fig. 15-8). 
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THE AXIAL SKELETON 


The axial sKeleton includes the vertebral 
column, the twelve pairs of ribs, the ster- 
num, and the skull. 


DEVELOPMENT OF THE 
VERTEBRAL COLUMN 


Precartilaginous Stage. During the 
fourth week, cells from the sclerotomes of 
the somites are found in three main areas 
(Figs. IS-1D and 15-5A);: 

1. Surrounding the notochord. In a frontal 
section through an embryo, the sclerotomes 
appear as paired condensations of mesen- 
chymal cells that soon fuse in the midline 
around the notochord (Fig. 15-5B). Each 
sclerotome consists of loosely arranged cells 
cranially and densely packed cells caudally. 
Some of the densely packed cells move cran- 
ially opposite the center of the myotome and 
give rise to the intervertebral disc (Fig. 15- 
5D). The remaining densely packed cells fuse 
with the loosely arranged cells of the imme- 
diately caudal sclerotome to form the me- 
senchymal centrum of a vertebra. Thus, each 
centrum develops from two adjacent sclero- 











Figure 15-4 Schematic drawings illustrating 
the development of different types of joints. A, 
Condensed mesenchyme continues across the 
gap, or interzone, between the developing bones, 
enclosing some loose mesenchyme (the interzonal 
mesenchyme) between them. This primitive joint 
may differentiate into 8, a synovial joint. C, a carti- 
laginous joint, or D, a fibrous foint. 


tomes and so becomes an intersegmental 
structure. The nerves come to lie in close 
relationship to the intervertebral discs and 
the intersegmental (e.g., intercostal) arteries 
come to lie on each side of the vertebral 
bodies. 

The notochord degenerates and disappears 
where it is surrounded by the developing 
vertebral body. Between the vertebrae, the 
notochord expands to form the gelatinous 
center of the intervertebral disc, called the 
nucleus pulposus (Fig. 1S-SD). This nucleus 
is later surrounded by the circularly arranged 
fibers of the anulus fibrosus. These two 
structures together constitute the interverte- 
bral disc. Remnants of the notochord (no- 
tochordal ‘‘rest’’ cells) may persist in any 
part of the axial skeleton and give rise to a 
cherdoma. This slow-growing neoplasm 
occurs most frequently in the base of the 
skull and in the lumbosacral region. 

2. Surrounding the neural tube. These 
mesenchymal cells will form the vertebral 
arch. 

3. In the body wail. These mesenchymal 
cells will form the costal processes, which 
develop into ribs in the thoracic region. 
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Figure 15-5 A, Partial transverse section through a four-week embryo, The arrows indicate the spread of 
mesenchymal cells from the sclerotome region of the somite on the right. 8, Diagrammatic frontal section of 
this embryo, showing that the condensation of sclerotome cells around the notochord consists of a cranial 
eree of loosely packed cells and a caudal area of densely packed cells. C,Pertial transverse section through ¢ 
five-week embryo showing the condensation of sclerotome cells around the notochord and the neurel tube, 
forming a mesenchymal vertebra. D, Diagrammatic frontal section illustrating thet the vertebral body forms 
from the cranial and caudal halves of two successive sclerotome masses. The intersegmentel erteries now 
cross the bodies of the vertebrae, end the spinal nerves fie between the vertebree. The notochord is 


*. 
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degenerating except in the region of the intervertebral disc, where it forms the nucleus pulposus. 


Chondrification (Fig. 15-68). During 
the sixth week, chondrification centers ap- 
pear in each mesenchymal vertebra. The two 
centers in each centrum fuse at the end of the 
embryonic period to form the cartilaginous 
centrum. Concomitantly, centers in the ver- 
tebral arches fuse with each other and with 
the centrum. The spinous and transverse 
processes are derived from extensions of 
chondrification centers in the vertebral 
arch, 

Ossification of Typical Vertebrae. Os- 
sification begins during the embryonic period 
and ends at about the twenty-fifth year. 

Prenatal Period. At first, there are two pri- 
mary ossification centers, ventral and dorsal 
(Fig. 15-6C), for the centrum. These differ 
from the chondrification centers that are side 


by side (Fig. 15-6B). The two primary ossifi- 
cation centers soon fuse to form one center. 
Hence, three primary centers appear by the 
end of the embryonic period: one in the 
centrum and one in each half of the vertebral 
arch (Fig. 15-6C). Ossification becomes evi- 
dent in the vertebral arches around the 
eighth week. At birth, each vertebra consists 
of three bony parts connected by cartilage 
(Fig. 15-6D). 

Postnatal Period. The halves of the verte- 
bral arch usually fuse during the first three to 
five years. The Jaminae of the arches first 
unite in the lumbar region, and subsequent 
union progresses cranially, The vertebral 
arch articulates with the centrum at cartilagi- 
nous neurocentral joints, which permit the 
vertebral arches to grow aS the spinal cord 
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Figure 15-6 Drawings illustrating the stages of vertebral development. A, Precartilaginous (mesenchymal) 
vertebra at five weeks. B, Chondrification centers in a mesenchymal vertebra at six weeks. C, Primary 
ossification centers in a cartilaginous vertebra at seven weeks. D, A thoracic vertebra at birth, consisting of 
three bony parts. Note the cartilage between the halves of the vertebra! (neural) arch and between the arch and 
the centrum (the neuroceniral joint). & and F, Two views of a typical thoracic vertebra at puberty, showing the 


location of the secondary centers of ossification. 


enlarges. These joints disappear when the 
vertebral arch fuses with the centrum during 
the third to sixth years. 

During or shortly after puberty, five sec- 
ondary centers appear: one for the tip of the 
Spinous process, one for the tip of each 
transverse process, and two rim epiphyses 
(anular epiphyses), one on the superior and 
one on the inferior rim of the vertebral 
body (Fig. 15-6 £). 

The vertebral body is a composite of the 
superior and inferior anular epiphyses and 
the mass of bone between them. It includes 
the centrum, parts of the vertebral arch, and 
the facets for the heads of the ribs. The 
terms “body” and “‘centrum” are not, there- 
fore, interchangeable. All secondary centers 
unite with the rest of the vertebra at about 
25 years. 

Ossification of Atypical Vertebrae. Ex- 
ceptions to the typical ossification of 
vertebrae occur in the atlas, the axis, the 
seventh cervical vertebra, the lumbar verte- 
brae, the sacrum, and the coccyx. For details 


of their ossification, consult Williams and 
Warwick (1980). 

Variation in the Number of Verte- 
brae. About 95 per cent of normal people 
have 7 cervical, 12 thoracic, 5 lumbar, and 5 
sacral vertebrae. About 3 per cent of people 
have one or two more vertebrae, and about 2 
per cent have one less. To determine the 
number of vertebrae, it is necessary to exam- 
ine the entire vertebral column, because an 
apparent extra (or absent) vertebra in one 
segment of the column may be compensated 
for by an absent (or extra) vertebra in an 
adjacent segment, e.g., 11 thoracic type ver- 
tebrae with 6 lumbar type vertebrae. 


DEVELOPMENT OF RIBS 


The ribs develop from the mesenchymal 
costal processes of the thoracic vertebrae 
(Fig. 15-6A). They become cartilaginous 
during the embryonic period and later ossify. 
The original union of the costal processes 
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with the vertebra is replaced by a synovial 
joint (Fig. 15-6). 


DEVELOPMENT OF THE STERNUM 


A pair of mesenchymal sternal bands, 
which at first are widely separated, develop 
ventrolaterally in the body wall and inde- 
pendent of the developing ribs. Chondrifica- 
tion occurs in these bands, forming two 
sternal plates, one on each side of the 
median plane. The cranial six or so costal 
cartilages become attached to them. The 
plates gradually fuse craniocaudally in the 
median plane to form cartilaginous models of 
the manubrium, the sternebrae, or segments 
of the body, and the xiphoid process. Centers 
of ossification appear craniocaudally before 
birth, except that for the xiphoid process, 
which appears during childhood. 


DEVELOPMENT OF THE SKULL 


The skull develops from mesenchyme 
around the developing brain. It consists of 
the neurocranium, a protective case for the 
brain, and the viscerocranium, the main skel- 
eton of the jaws. 

Cartilaginous Neurocranium, or Chon- 
drocranium (Fig. 15-7}. Initially, this con- 
sists of the cartilaginous base of the develop- 
ing skull, which forms by fusion of several 
cartilages. Later, endochondral ossification 
of the chondrocranium forms the bones of 
the base of the skull. 


The parachordal cartilage, or basal plate, 
forms around the cranial end of the notochord and 
fuses with the cartilages derived from the sclero- 
tome regions of the occipital somites. This carti- 
laginous mass contributes to the base of the 
occipital bone; later, extensions grow around the 
cranial end of the spinal cord and form the bound- 
aries of the foramen magnum. The hypophyseal 
cartilages form around the developing hypophy- 
sis, or pituitary gland, and fuse to form the body 
of the sphenoid bone. The trabeculae cranii fuse 
to form the body of the ethmoid bone. The ala 
orbitalis forms the lesser wing of the sphenoid 
bone. Otic capsules appear around the developing 
inner ears, or otic vesicles (see Chapter [9) and 
form the petrous and mastoid portions of the 
temporal bone. Nasal capsules develop around 
the nasal sacs (see Chapter 10) and contribute to 
the ethmoid bone. 

Membranous Neurocranium (Figs. 
15-7D and 15-8). Intramembranous 0os- 


sification occurs in the mesenchyme at the 
sides and top of the brain, forming the cranial 
vault, or calvaria. During fetal life, the flat 
bones of the vault are separated by dense 
connective tissue membranes, or fibrous 
joints, called sutures (Fig. 15-8). The six 
large fibrous areas where Several sutures 
meet, called fontanelles, are also present. 
The softness of the bones and their loose 
connections at the sutures enable the cal- 
varia to undergo changes of shape, or mold- 
ing, during birth. During this process, the 
frontal bone becomes flat, the occipital 
bone becomes drawn out, and one parietal 
bone slightly overrides, or overlaps, the 
other. The bony and cartilaginous base of the 
skull is deformed little, if any, during parturi- 
tion (birth). Within a day or so after birth, the 
shape of the calvaria returns to normal. 

Cartilaginous Viscerocranium. This 
consists of the cartilaginous skeleton of the 
first two pairs of branchial arches (see Chap- 
ter 10 and Fig. 10-4). After endochondral 
ossification, (1) the dorsal end of the first 
arch cartilage (Meckel’s cartilage) forms two 
middle ear bones, the malleus and the incus 
(see Chapter 19); (2) the dorsal end of the 
second arch cartilage (Reichert’s cartilage) 
forms the stapes of the middle ear and the 
styloid process of the temporal bone, and the 
ventral end ossifies to form the lesser cornu 
and superior part of the body of the hyoid 
bone. 

The cartilages of the third, fourth, and 
sixth branchial arches are found only in the 
ventral portions of the arches. The third arch 
cartilages give rise to the greater cornua and 
inferior part of the body of the hyoid bone. 
The cartilages of the fourth and sixth 
branchial arches fuse to form the laryngeal 
cartilages, except for the epiglottis (see Fig. 
10-4). 

Membranous Viscerocranium.  Intra- 
membranous ossification occurs within the 
maxillary prominence of the first branchiai 
arch and subsequently forms the maxillary, 
the zygomatic, and the squamous temporal 
bones. The squamous temporal bones later 
become part of the neurocranium. The mes- 
enchyme in the mandibular prominence of 
this arch condenses around the first arch 
cartilage (Meckel’s cartilage) and undergoes 
intramembranous ossification to form the 
mandible. Some endochondral ossification 
occurs at the center of the chin and at the 
mandibular condyle. This cartilage disap- 
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Figure 15-7 Diagrams illustrating stages in the development of the skull. A to C are viewed from above; Dis 
a lateral view. A, Six weeks, showing the various cartilages that will fuse to form the chondrocranium. 8, Seven 
weeks, after fusion of some of the paired cartilages. C, 12 weeks, showing the cartilaginous base of the skull or 
chondrocranium formed by the fusion of various cartilages. D, 20 weeks, indicating the derivation of the bones 


of the fetal skull. 


pears ventral to the portion that forms the 
sphenomandibular ligament; thus, Meckel’s 
cartilage does not form much of the adult 
mandible. 

The Fetal and Newborn Skull (Fig. 15- 
8). The newborn skull, after recovering 
from molding (adaptation of the head to the 
birth canal), like the fetal skull, is rather 
round, and its bones are quite thin. The skull 
is large in proportion to the rest of the 
skeleton, and the face is relatively small 
compared with the calvaria. The small facial 


region results from the small size of the jaws, 
the virtual absence of paranasal air sinuses, 
and the general underdevelopment of the 
facial bones. 

Postnatal Growth of the Skull. The 
fibrous sutures of the newborn calvaria 
(cranial vault) permit the skull to enlarge 
during infancy and childhood. The increase 
in the size of the calvaria is greatest during 
the first two years, the period of most rapid 
postnatal growth of the brain. A person's 
calvaria normally increases in capacity until 
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Figure 15-8 Photographs of a feta! skull showing the fontanelies, the bones, and the connecting sutures. A, 
Lateral view. B, Superior view. The posterior and anterolateral fontanelles disappear by growth of surrounding 
bones, within two or three months after birth, but they remain as junctions, or sutures, for several years. The 
posterolateral fontanelles disappear in a similar manner by the end of the first year, and the anterior fontanelle 
by the end of the second year. The two haives of the frontal bone normally begin to fuse during the second year, 
and the frontal or metopic suture is often obliterated by the eighth year, The other sutures begin to disappear 
during adult life, but the times when the sutures close are subject to wide variations. 


about 15 or 16 years of age. After this, the 
calvaria usually increases slightly in size for 
three to four years because of thickening of 
its bones. 

There is also rapid growth of the face and 
jaws, coinciding with the eruption of the 


dedicuous teeth; these changes are still more 
marked after the permanent teeth erupt (see 
Chapter 20). There is concurrent enlarge- 
ment of the frontal and facial regions asso- 
ciated with the increase in the size of the 
paranasal air sinuses. Most of the paranasal 
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sinuses (air-filled extensions of the nasal 
cavities that reach into certain cranial bones) 
are rudimentary or absent at birth. Growth 
of the paranasal sinuses is important in alter- 
ing the shape of the face and in adding 
resonance to the voice. 


MALFORMATIONS OF THE AXiAL 
SKELETON 


Klippel-Feil Syndrome (Brevicoillis). 
The main features of this syndrome are 
short neck, low hairline, and restricted neck 
movements. In most cases, the number of 
cervical vertebral bodies ts less than normal, 
but the number of pedicles may be normal. 
In some cases, there is a lack of segmenta- 
tion of several elements of the cervical re- 
gion of the vertebral column. The number of 
cervical nerve roots may also be normal, but 
they are small, as are the intervertebral fora- 
mina. Patients with Klippel-Feil syndrome 
are often otherwise normal, but association 
of this malformation with other congenital 
abnor malities is not uncommon. 

Spina Bifida Occulta (see Fig. 18- 
12A). This defect of the vertebral arch 
results from failure of fusion of the halves of 
the vertebral arch and is commonly observed 
in radiographs of the cervical, lumbar, and 
sacral regions. Frequently, only one vertebra 
is affected. Spina bifida occulta of the first 
sacral vertebra occurs in about 10 per cent of 
people. A common defect, spina bifida occul- 
ta usually causes no serious physiological 
disturbances (Dennison, 1971). The spinal 
cord and spinal nerves are usually normal 
and neurological symptoms are commonly 
absent. The skin over the bifid spine is intact 
and there may be no external evidence of 
the defect; sometimes, the malformation is 
indicated by a dimple or a tuft of hair. In 
about 3 per cent of normal adults, there is 
spina bifida occulta of the atlas. At other 
cervical levels this condition is rare, and, 
when present, it is sometimes accompanied 
by other abnormalities of the cervical region 
of the vertebral column. 

Spina bifida cystica (Fig. 18-15), a severe 
type of spina bifida involving the spinal cord 
and the meninges, is discussed in Chapter 
18. Neurological symptoms are usually 
present. 

Rachischisis (Fig. 15-10). The term ra- 
chischisis (cleft of vertebral column) refers 
to the vertebral abnormalities encountered in 
a complex group of developmental malfor- 


mations (axial dysraphic disorders) that af- 
fect primarily the axial structures of the 
body. In these cases, the neural folds fail to 
fuse, either because of faulty induction by 
the underlying notochord and its associated 
mesenchyme, or because of the action of 
teratogenic agents on the neuroepithelial 
cells making up the neural folds. The neural 
and vertebral defects may be extensive (see 
Fig. 18-19), or they may be restricted to a 
small area (see Fig. 18-17). 

Accessory Ribs (Fig. 15-9A). Acces- 
sory ribs, which may be rudimentary or fairly 
well developed, result from the development 
of the costal processes of cervical or lumbar 
vertebrae. These processes form ribs in the 
thoracic region. 

The most common type of accessory rib is 
a lumbar rib, but it causes no problems, Cer- 
vical ribs are less common, but are present in 
0.5 to 1 per cent of people. A cervical rib is 
attached to the seventh cervical vertebra and 
may be unilateral or bilateral. Pressure of a 
cervical rib on the brachial plexus or on the 
subclavian vessels may produce symptoms. 

Fused Ribs. Fusion of ribs occasionally 
occurs posteriorly when two or more ribs 
arise from a single vertebra. Fused ribs are 
often associated with a hemivertebra. 

Hemivertebra (Fig. 15-9B). The devel- 
oping vertebral bodies have two juxtaposed 
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Figure 15-9 Drawings of vertebral and rib abnor- 
malities. A, Cervical and forked ribs. Observe that the 
left cervical rib has a fibrous band passing posterior 
to the subclavian vessels and attaching to the’ 
sternum. Very likely, this condition produced neuro- 
vascular changes in the left upper limb. 8, Anterior 
view of the vertebral column showing a hemivertebra 
{half vertebra). The right half of the third thoracic 
vertebra is absent. Note the associated lateral curva- 
ture, or scoliosis, of the vertebral column (spine). 
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Figure 15-10 Photographs of anterior, lateral, and posterior views of a newborn infant with acrania 
(absence of cranial vault), anencephaly {absence of forebrain), rachischisis (extensive cleft In vertebral 
column), and myeloschisis (severe malformation of the spinal cord). Infants with these severe cranlovertebral 
malformations involving the brain and spinal cord usually die within a few days after birth. For descriptions of 
anencephaly and spina bifida with myeloschisis, see Chapter 18. 


chondrification centers (Fig. i5-6B) that 
soon unite. A hemivertebra results from fail- 
ure of one of the chondrification centers to 
appear and subsequent failure of half of the 
vertebra to form. These defective vertebrae 
produce scoliosis (lateral curvature of the 
vertebral column), 

Cleft Sternum. Minor sternal clefts 
(e.g., a notch, or foramen, in the xiphoid 
process) are common and are of little con- 
cern. Larger clefts are rare and are often 
associated with herniation of thoracic vis- 
cera, usually the heart (see Fig. 14-22). A 
sternal foramen of varying size and form 
occurs occasionally at the junction of the 
third and fourth sternebrae. This insignifi- 
cant foramen results from incomplete fusion 
of the cartilaginous sternal plates during the 
embryonic period. 

Skuil Malformations. These abnormali- 
ties range from major defects that are incom- 
patible with life to those that are minor and 
insignificant. With large defects, there is 
often herniation of the meninges and/or of 
the brain (see Figs. 18-31 and 18-32). 


Acrania (Cranioschisis) (Fig. 15-10). In this 
condition, the cranial vault is almost absent, and 
an extensive defect of the vertebral column is 
often present. Acrania associated with anenceph- 
aly occurs about once in 1000 births and is 
incompatible with life. The malformation results 
from failure of the cranial end of the neural tube 
to close during the fourth week and subsequent 
failure of the cranial vault to form. For a discus- 
sion of anencephaly, see Chapter 18. 

Craniosynostosis (Figs. 15-11 and 18-12). Sev- 
eral rare skull deformities result from prema- 
ture closure of the skull sutures. Prenatal closure 
results in the most severe abnormalities. The 
cause of craniosynostosis is unknown, but genetic 
factors appear to be important. These abnor- 
malities are much more common in males than 
in females, and they are often associated with 
other skeletal malformations. The type of 
deformed skull produced depends upon which 
sutures close prematurely. If the sagittal suture 
closes early, the skull becomes long, narrow, and 
wedge-shaped (scaphocephaly, Fig. 15-11); this 
type constitutes about half of the cases of cranio- 
synostosis. Another 30 per cent of cases involve 
premature closure of the coronal suture. This 
results in a high, tower-like skull (oxycephaly, or 
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Figure 15-11 Photographs of a boy with a long, 
narrow, wedge-shaped skull, a condition cafled sca- 
phocephaly, resulting from craniosynostosis, or pre- 
mature closure of the sagittal suture. (From 
Laurence, K. M., and Weeks, R.: Abnormalities of the 
central nervous system: in A. P. Norman [Ed.]: Con- 
genital Abnormalities of Infancy. 2nd ed, 1971. Cour- 
tesy of Blackwell Scientific Publications.) 





turricephaty, Fig. 15-]12A). If the coronal or the 
lambdoid suture closes prematurely on one side 
only, the skull] is twisted and asymmetrical (pla- 
giocephaly, Fig. 15-)28). 

Microcephaly (see Fig. 18-33). Infants with 
this condition are born with a normal-sized or 
slightly small cranium. The fontanelles close dur- 
ing early infancy and the sutures close during the 
first year, but this abnormality is not caused by 
the premature closure of sutures. Microcephaly 
results from an abnormality of the central nervous 
system in which the brain and, consequently, the 
skull fail to grow. Generally, microcephalics are 
severely mentally retarded. This malformation is 
also discussed in Chapter 18. 

Malformations at the Craniovertebral 
Junction. Congenital abnormalities at the 
craniovertebral junction are present in about 
1 per cent of newborn infants, but they may 
not produce symptoms until adult life. The 
following are examples of these malfor- 





Figure 15-12 Drawings illustrating skull malior- 
mations. A, Oxycephaly, or turricephaly, showing the 
towerlike skull resulting from premature closure of 
the coronal suture. 8, Plagiocephaly, illustrating a 
type of asymmetrical skull resulting from premature 
closure of the coroenai and lambdoid sutures on the 
left side. 


mations: basilar invagination (upward dis- 
placement of the bone about the fora- 
men magnum), assimilation of the atlas 
(nonsegmentation at the junction of the atlas 
and occipital bone); atlantoxaxial disloca- 
tion; Arnold-Chiari malformation (see Chap- 
ter 18); and separate-odontoid pracess (fail- 
ure of the odontoid centers to fuse with the 
centrum of the axis). 


THE APPENDICULAR SKELETON 


The appendicular skeleton consists of the 
pectoral (shoulder) and pelvic girdles and the 
limb bones. The bones appear initially as 
mesenchymal condensation in the limb buds. 
During the sixth week, the mesenchymal 
primordia of bones in the limb buds undergo 
chondrification to form hyaline cartilage 
models of the future appendicular skeleton 
(Fig. tS-13D and E). The clavicle initially 
develops by intramembranous ossification, 
but it later develops growth cartilages at both 
ends. The models of the pectoral girdle and 
upper limb bones appear slightly before 
those of the pelvic girdle and lower limbs, 
and the bone models of each limb appear ina 
proximodistal sequence. 

Ossification begins in the long bones by 
the end of the embryonic period and initially 
occurs in the diaphysis of a long bone, 
from a primary center of ossification. By 12 
weeks, primary centers have appeared in 
nearly all bones of the limbs (Fig. 15-14). 
The clavicles begin to ossify before any 
other bones in the body. The femora are the 
next bones to show traces of ossification. 

The first indication of ossification in the 
cartilaginous model of a long bone is visible 
near the center of the future body (shaft). 
This is called the primary center of ossifica- 
tion. Primary centers appear at different 
times in different developing bones, but most 
of them appear between the seventh and 
twelfth weeks. Virtually all of them are 
present by birth. The part of a bone ossified 
from a primary center is called the diaphy- 
sis. 

The secondary ossification centers of the 
bones at the knee are the first to appear. The 
secondary centers for the distal end of the 
femur and the proximal end of the tibia 
usually appear during the ninth month of 
intrauterine life. Consequently, they may be 
present at birth, although most secondary 
centers of ossification appear after birth. The 
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Figure 15-13 A, An embryo duricg stage 13 (about 28 days), showing the early appearance of the limb 
buds. 8, Schematic drawing of a jongltudinal sectlon through an upper limb bud. The apical ectodermal ridge 
has an Inductive influence on the loose mesenchyme In the limb bud: it promotes growth of the mesenchyme 
and appears to give it the ability to form specific cartilaginous elements. C, Similar sketch of an upper limb bud 
during stage 15 (about 33 days), showing the mesenchymal primordium of a limb bone. D, Upper Jimb at six 
weeks, showing the hyaline cartilage models of the various bones, &, Later in the sixth week, showing the 
completed cartilaginous models of the bones of the upper limb. 


part of a bone ossified from a secondary 
center is called the epiphysis. 

The bone formed from the primary center 
in the. diaphysis does not fuse with that 
formed from the secondary centers in the 
epiphyses until the bone grows to its adult 
length; this enables lengthening of the bone 
to continue until that size is reached. During 
the growth of a bone, a plate of cartilage 
known as the epiphyseal cartilage plate in- 
tervenes between the diaphysis and the 
epiphysis (Fig. 15-3). The epiphyseal car- 
tilage plate is eventually replaced by bone 
development at each of its two sides, dia- 
physeal and epiphyseal. When this occurs, 
growth of the bone ceases. 

The development of irregular bones is sim- 
ilar to that of the primary center of long 
bones, and only one, the calcaneus in the 
foot, develops a secondary center of ossifica- 
tion. 


Bone age is a good index of general maturation. 
Determination of the number, size, and fusion of 
epiphyseal centers from radiographs is a common- 
ly used method. A radiologist determines the bone 
age of a person by assessing the ossification 
centers. Two criteria are used: (1) The appear- 
ance of calcified material in the diaphysis and/or 
the epiphysis. This is specific for each diaphysis 
and epiphysis for each bone foi each sex. (2) The 
disappearance of the dark line representing the 
epiphyseal cartilage plate. This indicates that the 
epiphysis has fused with the diaphysis; this fusion 
occurs at specific times for each epiphysis. Fusion 
occurs one to two years earlier in females than in 
males, 

Useful information may be obtained from study 
of ossification in the hand and wrist at all ages of 
childhood. Because girls are more advanced than 
boys in skeletal development, separate standards 
are used. For details of the expected times of 
appearance of various ossification centers and the 
evaluation of osseous maturation, see Bayer and 
Bayley (1959) and Vaughan et al. (1979). 
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Figure 15-14 Photograph of a 12-week fetus that has been cleared and stained with alizarin to show the 
developing skeleton. Observe the degree of progression of ossification from the primery centers, which is 
endochondral in the appendicular and axial skeletons. except for the clavicles and most of the cranial bones 
that are recognizable here. The part of the occipital bone visible here is preformed in cartilage and is under- 
going endochondral ossification. Actua/ size. (Courtesy of Dr. Gery Geddes.) 


GENERALIZED SKELETAL 
MALFORMATIONS 


Achondropiasla, or Hypoplastic Chondro- 
dystrophy (see Fig. 8-12). This condition, the 
most common cause of dwarfism, occurs about 
once in 10,000 births. The limbs are short be- 
cause of a disturbance of endochondral ossifica- 
tion at the epiphyseal cartilage plates, particularly 
of long bones, during fetal life. The trunk is about 
normal length, but the head may be slightly en- 
larged. Achondroplasta is anautosomal dominant 
disorder. For details of its inheritance, see 
Thompson and Thompson (1980). 

Hyperpituitarism. Congenital infantile hy- 
perpituitarism is rare; it causes the infant to grow 
at an abnormallly rapid rate. This may result in 
gigantism (excessive height and body propor- 
tions) or, in adults, acromegaly (enlargement of 
the soft tissues and bones of the face, hands, and 
feet). Both gigantism and acromegaly result from 
an excessive secretion of growth hormone arising 
from eosinophilic hyperplasia or from an eosino- 
philic, amphophilic, or chromophobic adenoma of 
the anterior pituitary (Gardner, 1975) Acro- 
megaly results from an excess of growth hormone 
after the primary and secondary ossification 
centers have closed, 1¢.,, after adolescence 


Hypothyroidism and Cretinism. Deficiency 
of fetal thyroid hormone production results in 
cretinism, a condition characterized by mental 
deficiency, skeletal abnormalities, and auditory 
and neurological disorders. Cretinism is now very 
rare except in areas where there is a lack of iodine 
in the soil and water; for details, see Koenig 
(1975) and Warkany (1971). Agenesis of the thy- 
roid gland will also result in cretinism. 

There is a variety of other rare generalized 
skeletal disorders; for descriptions, see Vaughan 
et. al (1979) and Warkany (1971). 

Congenital malformations of the limbs are 
described and illustrated in Chapter 17. 


SUMMARY 


The skeletal system develops from mes- 
enchyme. In most bones, such as the long 
bones in the immbs, the condensed mesen- 
chyme undergoes chondrification to form 
hyaline cartilage models of bones. Ossifica- 
tion centers appear in these models by the 
end of the embryonic period, and the bones 
ossify by endochondral ossification. Some 
bones, e.g., the flat bones of the skull, 
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develop by intramembranous ossification. 
The vertebral column and ribs develop from 
the sclerotomes of the somites. Each verte- 
bra is formed by fusion of a condensation of 
the caudal half of one pair of sclerotomes 
with the cranial half of the subjacent pair 
of sclerotomes. 

The developing skull consists of a neuro- 
cranium and a viscerocranium, each of 
which has membranous and cartilaginous 
components. 

The appendicular skeleton develops from 
endochondral ossification of the cartilagt- 
nous models of the bones, which form from 
the mesenchyme in the developing limbs. 
Although there are numerous types of skele- 
tal malformations, most of these, except for 
spina bifida occulta and accessory ribs, are 
rare. 

Joints are classified as (1) fibrous joints, 
(2) cartilaginous joints, and (3) synovial 
joints (Fig. 15-4). They develop from the 
interzonal mesenchyme between the pri- 
mordia of bones. In a fibrous joint, the 
intervening mesenchyme differentiates into 
dense fibrous connective tissue. In a car- 
tilaginous joint, the mesenchyme between 
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CLINICALLY ORIENTED PROBLEMS 

1. What is the most common congenital malformation of the vertebral column? 
Where is the defect usually focated? Does this congenital malformation 
usually cause symptoms (e.g., back problems)? 


2, Occasionally, rudimentary ribs develop on the seventh cervical vertebra. Are 
these accessory ribs of clinical importance? What is the embryological basis 


3. What vertebral defect can produce scoliosis? Define this condition. What is 
the embryological basis of this vertebral defect? 

4. What is meant by the term craniosynostosis ? What results from this develop- 
mental abnormality? Give a common example. 

5, A child presented with characteristics of Klippel-Feil syndrome, What are the 
main features of this condition? What vertebral abnormalities are usually 


The answers to these questions are given at the back of the book. 


the bones differentiates into cartilage. In a 
synovial joint, a synovial cavity is formed 
within the intervening mesenchyme by 
breakdown, or cavitation, of the cells. The 
mesenchyme also gives rise to the synovial 
membrane and the capsular and other liga- 
ments of the joint. 
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THE MUSCULAR 
SYSTEM 


The muscular system develops from meso- 
derm, except for the muscles of the ms, 
which develop from the ectoderm of the 
optic cup (see Chapter 19). Muscle tissue 
develops from primitive cells called myo- 
blasts, which are derived from mesen- 
chyme (embryonic connective tissue), 


STRIATED SKELETAL MUSCLE 


The myoblasts that form the striated skele- 
tal muscles of the trunk are derived from 
myotomal mesoderm of the somites (see Fig. 
15-1). The limb muscles develop from mes- 
enchyme in the limb buds (see Chapter 17). 
Tongue muscles are formed from head mes- 
enchyme, and many muscles of the face, 
jaws, neck, and shoulders develop from mes- 
enchyme in the branchial arches (see Chap- 
ter 10). 

The first indication of muscle development 
is the elongation of the nuclei and cell bodies 
of the mesenchymal cells to form myoblasts. 
Soon, these cells begin to fuse with one 
another to form elongated, multinucleated, 
cylindrical structures called styotubes. 
Growth occurs by continued fusion of myo- 
blasts and myotubes. The specialized myo- 
filaments develop in the cytoplasm of the 
myotubes during or soon after fusion of the 
myoblasts. Soon, the myofibrils and other 
organelles characteristic of striated muscle 
fibers (cells) develop. Because muscle cells 
are long and narrow, it is customary to call 
them fibers (Ham and Cormack, 1979). 

As the myotubes differentiate into muscle 
fibers, they become invested with external 
lamina, individually or in groups, which seg- 
regates them from the surrounding connec- 
tive tissue. 

Most striated skeletal muscle fibers devel- 
op before birth, and almost all the remain- 
ing ones are formed by the end of the first 
year. Increase in the size of a muscle occurs 
as the result of an increase in the diameter of 


the fibers through the formation of more 
myofilaments. 

After birth, muscles must increase in 
length and width in order to grow with the 
skeleton. Their ultimate size depends on the 
amount of exercise that is performed. Not all 
embryonic muscle fibers persist; many of 
them fail to establish themselves as neces- 
sary units of the muscle and therefore degen- 
erate. 

Typical Myotomes. Each myotome di- 
vides into a small dorsal epaxial division and 
a larger ventral hypaxial division (Fig. 16- 
1B). Each developing spinal nerve also di- 
vides and sends a branch to each division, 
the dorsal primary ramus supplying the 
epaxial division and the ventral primary 
ramus, the hypaxial division. Some muscles 
remain segmentally arranged like the somites 
(e.g., the intercostals), but most myoblasts 
migrate away from the myotomes and form 
nonsegmented muscles. 


Derivatives of the Epaxial Divisions (Fig 16- 
2). Myoblasts from these parts of the myotomes 
form the extensor muscles of the neck, the exten- 
sor muscles of the vertebral column, and the 
lumbar extensor musculature. The extensor mus- 
cles derived from the caudal sacral and the coc- 
cygeal myotomes degenerate; their adult deriva- 
tives are the dorsal sacrococcygeal ligaments. 

Derivatives of the Hypaxial Divisions (Fig. 16- 
2}. Myoblasts from the cervical myotomes form 
the scalene, prevertebral, geniohyoid, and in- 
frahyoid muscles. The thoracic myotomes form 
the lateral and ventral flexor muscles of the verte- 
bral column, and the lumbar myotomes form the 
quadratus lumborum muscle. The sacrococcygeal 
myotomes form the muscles of the pelvic dia- 
phragm and probably the striated muscles of the 
anus and the sex organs. 

The Branchial Arches (see Fig. 10-5). 
The migration of myoblasts from these 
arches to form the muscles of mastication, of 
facial expression, and of the pharynx and 
larynx is described in Chapter 10 (see Table 
10-1). These muscles are innervated by bran- 
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Figure 16-1 A, Sketch of an embryo during 
stage 17 (about 41 days}, showing the myotomes and 
the developing muscular system. 8, Transverse sec~- 
tion through the embryo, illustrating the epaxial and 
hypaxial derivatives of a myotome. The limb muscu- 
lature, not derived from the myotomes, is also 
shown, C, Similar section through a seven-week 
embryo, showing the various muscle layers formed 
from the myotomes. 


eye 
muscles 


facial 
muscles 


external 
oblique 
muscle 


rectus 
rs abdaminis 
—" muscle 


Figure 16-2 Drawings illustrating the deveiaping muscular system: A, Six-week embryo, showing the 
myotome regions of the somites that give rise ta mast skeletal muscles. 8, Eight-week embryo, showing the 


developing superticial trunk musculature. 
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CONGENITAL MALFORMATIONS OF MUSCLES 


chial arch nerves (cranial nerves V, VII, IX, 
and X). 

The Ocular Muscles (Figs. 16-1 and 
16-2). The origin of the extrinsic eye mus- 
cles is unclear, but it has been suggested that 
they may be derived from mesenchymal cells 
near the prochordal plate (Gilbert, 1957). 
The mesoderm in this area may give rise to 
the three preotic myotomes (Fig. 16-2). 
Myoblasts differentiate from mesenchymal 
cells. Groups of myoblasts, each supplied by 
its own cranial nerve (III, FV, or VD, form 
the extrinsic muscles of the eye. 

The Tongue Muscles (see Figs. 10-5 
and 10-10). Initially, there are four indis- 
tinct occipital myotomes; the first pair disap- 
pears. Myoblasts from the remaining three 
myotomes form the tongue muscles, inner- 
vated by the hypoglossal or twelfth cranial 
nerve. 

The Limb Muscles (see Figs. 15-13 and 
16-1). The musculature of the limbs devel- 
ops in situ from the mesenchyme surround- 
ing the developing bones. This mesenchyme 
is derived from the somatic layer of lateral 
mesoderm (see Fig. 15-1). 


SMOOTH MUSCLE 


Smooth muscle fibers differentiate from 
the splanchnic mesenchyme surrounding the 
endoderm of the primitive gut and its deriva- 
tives (see Fig. 15-1). The smooth muscle in 
the walls of many blood and lymphatic ves- 
sels arises from somatic mesoderm. The 
muscles of the iris (the sphincter and dilator 
pupillae) and the myoepithelial cells of mam- 
mary and sweat glands are thought to be 
derived from mesenchymal cells that origi- 
nate from ectoderm. 

The first evidence of the differentiation of 
smooth muscle is the development of elon- 
gated nuclei in spindle-shaped cells, called 
myoblasts. During early development, new 
myoblasts continue to differentiate from 
mesenchymal cells. During later develop- 
ment, division of existing myoblasts gradual- 
ly replaces the differentiation of myoblasts in 
the production of new smooth muscle tis- 
sue. 

As smooth muscle cells differentiate, fila- 
mentous contractile elements develop in 
their cytoplasm, and the external surface of 
each cell acquires a surrounding external 
lamina. As the smooth muscle fibers develop 
into sheets or bundles, the fibroblasts and/or 
muscles cells synthesize and lay down colla- 
genous, elastic, and reticular fibers. 
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STRIATED CARDIAC MUSCLE 


Cardiac muscle develops from splanchnic 
mesenchyme surrounding the endocardial 
heart tube (see Fig. 14-7). Cardiac myoblasts 
differentiate from the myoepicardial mantle 
and form the myocardium, or heart muscle. 
Cardiac muscle fibers arise by differentiation 
and growth of single cells, unlike striated 
skeletal muscle fibers, which develop by 
fusion of cells.. Growth of cardiac muscle 
fibers results from the formation of new 
myofilaments. The myoblasts adhere to each 
other as in developing skeletal muscle, but 
the intervening cell membranes do not disin- 
tegrate; these areas of adhesion give rise to 
the intercalated discs. 

Late in the embryonic period, special bun- 
dles of muscle cells develop with relatively 
few myofibrils and relatively larger diame- 
ters than typical cardiac muscle fibers. These 
atypical cardiac muscle cells, called Purkinje 
fibers, later form the conducting system of 
the heart (see Fig. 14+20D), 


CONGENITAL MALFORMATIONS OF 
MUSCLES 


Congenital Absence of Muscles. Ab- 
sence of one or more muscles is more com- 
mon than is generally recognized. In rare 
instances, failure of normal muscle develop- 
ment may be widespread, leading to im- 
mobility of multiple joints, a condition 
known as arthrogryposis multiplex congeni- 
fa (Vaughan et al., 1979), Persons with. this 
disorder have congenital stiffness of one or 
more joints associated with hypoplasia of the 
associated muscles. 

Usually, only a single muscle is absent 
on one side of the body, or, at times, only 
a portion of the muscle fails to develop. 
Occasionally, the same muscle or muscles 
may be absent on both sides of the body. 
Any muscle in the body may occasionally 
be absent; common examples are the sterno- 
costal head of the pectoralis major (Fig. 
16-3), the palmaris longus, the trape- 
zius, the serratus anterior, and the quadratus 
femoris. The failure of these muscles to 
develop is usually of little consequence, and 
the individual may not even be aware of the 
deficiency. 

Absence of the pectoralis major is occa- 
sionally associated with ahsence of the mam- 
mary gland and/or hypoplasia of the nipple 
(Fig. 16-3), syndactyly (see Chapter 17), 
microdactyly, webbed fingers, and scoliosis 
(see Fig. 15-9). 
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Figure 16-3 Photograph of the chesl of an Infant 
with congenital absence of the left pectoralis major 
muscle. Note the absence of an anterior axillary fold 
on the left and the law location of the left nipple. 
(From Vaughan, V. C., McKay, R. J., and Behrman, R. 
E.: Nelson Textbook of Pediatrics. 11th ed. Philadel- 
phia, W. B. Saunders Co., 1979.) 


Some muscular deficiencies are of a more 
serious nature. These include congenital ab- 
sence of the diaphragm, which ts usually 
associated with severe pulmonary atelectasis 
and pneumonia, and absence of muscle(s) of 
the anterior abdominal wall, which may be 
associated with severe gastrointestinal and 
genitourinary malformations (see Fig. 13— 
17). Occasionally, individuals with a congen- 
itally absent muscle develop muscular dys- 
trophy in later life. The most common asso- 
ciation is between congenital absence of the 
pectoralis major muscle and the Landouzy- 
Déjérine facioscapulohumeral form of mus- 
cular dystrophy (Mastaglia, 1974). At pres- 
ent, the relationship between congenital 
muscle abnormalities and muscular dys- 
trophy is obscure. 

It is not certain whether congenital defi- 
ciencies of skeletal muscles result from fail- 
ure of the muscle cells to develop, or from a 
pathological process affecting the muscles or 
their nerve supply during intrauterine life. 

Variations in Muscles. All muscles are 
subject to a certain amount of variation, but 
some are affected more often than others. 
Certain muscles are functionally vestigial 
{e.g., those of the external ear and scalp). 
Some muscles present in other primates 
appear in only some humans (e.g¢., the 
sternalis). Variations in the form, position, 
and attachments of muscles are common and 
are usually functionally insignificant. 

The sternocleidomastoid muscle is some- 
times injured at birth, resulting in a condition 


known as congenital torticollis (Moore, 
1980). There is fixed rotation and tilting of 
the head, owing to fibrosis and shortening of 
the sternocleidomastoid muscle on one side 
(Fig. 16-4). Most cases of torticollis result 
from tearing of fibers of the sternocleidomas- 
toid muscle during delivery of the infant. 
Bleeding into the muscle often occurs in a 
localized area, forming a small swelling 
called a hematoma. Later, a mass often 
develops, owing to necrosis of muscle fibers 
and fibrosis (formation of fibrous tissue). 
Shortening of the muscle usually follows; 
this causes lateral bending of the head to the 
affected side, and a slight turning away of the 
head from the side of the short muscle. 


SUMMARY 


Most skeletal muscle is derived from the 
myotome regions of the somites, but some 
head and neck muscles are derived from 
branchial arch mesoderm, and the limb mus- 
culature develops from mesenchyme derived 
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Figure 16-4 Photograph of the head and neck of 
a 12-year-old boy with congenital torticollis (wry- 
neck}. Shortening, or contracture, of the right ster- 
nocleidomastoid muscle has caused tilting of the 
head to the right and turning of the chin to the left. 
There is also asymmetric development of the face 
and skuil. (From Vaughan, V. C., McKay, R. J., and 
Behrman, R. E.: Nefson Textbook of Pediatrics. 11th 
ed. Philadelphia, W. B. Saunders Co., 1979.) 





THE CLOTHING WITH 


FLESH STAGE 


AL-KISA’ BIL-LAHM Wh ssh 


The primordia of muscles were present 
together with those of bones and other tissues 
and organs in a collective primitive structure, 
all this is formed during the first 40 days and is 
found in the mudghah stage (see Jam‘a Al- 
Khalq, p 84a). However, in this stage the 
primordia of muscle have not yet differentia- 
ted into diffinitive muscles. : 

The Hadith tells us that flesh 1s created after 
the 42nd day (see p 86c). The Qur’anic Ayah 
tells us that: clothing with flesh follows upon 
the bones stage. It has been explained (p 86b) 
that the terms used to describe various stages 
of development are derived from the feature 
which dominates and determines the shape of 
the embryo or fetus during that stage e.g. the 
shape of the skeleton determines the general 
appearance of the embryo in the bones stage 
during the 7th week; muscles co not develop at 
the same time but their development follows 
soon after. The muscles take their positions 
around the bones throughout the body and 
therefore Clothe the bones. Thus, the muscles 
take their well known forms and structures. 
This is referred to in the Qur’an: 


ara as Ora LS ts aN RES. 
VE AT Ope Glt dy pe 
“Then We made of that Mudghah 
bones (skeleton) then We clothed 
the bones with flesh (mnuscles)...” 
(Surah Al-Mu’minun, Ayah 14) 


At the “Clothing with Muscles Stage” the 
embryo acquires human features and starts to 
become more straight. The external genital 
organs start to become differentiated (see p 
446a). 

The Qur’an has placed the stage of clothing 
with muscle to mark the end of embryonic 
stage; the fetal stage (Nash’ah) follows, as 
explained in the Ayah: 


Paes Pt op “ ae Pa eg or 
aN Salsa ea erie 
a a —_ e 
Ce tthe et ste anwecie oo ate ake ft 
( a Cpe ae Stal: 


V4 A Spe dye 


Ge Le 


“Then We made of that Mudghah 
bones (skeleton) then We clothed 
the bones with flesh (muscles) then 
We developed out of him another 
creation, so blessed be Allah the 
best to create”. 

(Surah Al-Mu’minun, Ayah 14) 


The stage of clothing with muscle occurs 
during the 8th week (sce table facing p 106, 
Developmental Anatomy, Leslie Arey) which 
is the end of the embryonic stage after which it 
goes to another stage with other features, the 
fetal stage or “Al-Nash’ah” see page 94a. 
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from the somatic mesoderm. Cardiac muscle 
and most smooth muscle are derived from 
splanchnic mesoderm. Absence or variation 
of muscles is fairly common and is usually of 
little consequence. 


SUGGESTIONS FOR ADDITIONAL 
READING 


Adams, R. D., Denny-Brown, D., and Pearson, C. M. 
(Eds.): Diseases of Muscle. A Study In Pathology. 
New York, Harper & Row, Inc., 1962, pp. 3-61. A 


thorough account of the histogenesis of skeletal mus- 
cle with a good discussion of the regeneration of 
skeletal muscle and descriptions of congenital abnor- 
malities of muscle. 

Mastaglia, F. L.: The growth and development of the 
skeletal muscles; in J. A. Davis and J. Dobbing 
(Eds.): Scientific Foundations of Paediatrics. Phila- 
delphia, W. B. Saunders Co., 1974, pp. 348-375. A 
well-illustrated account of the histogenesis and cy- 
togenesis of skeletal muscle. The innervation of mus- 
cle, electrophysiological changes during develop- 
ment, and abnormalities of skeletal muscle 
development are discussed. Many excellent electron- 
micrographs are included, 


CLINICALLY ORIENTED PROBLEMS 


. An infant presented with absence of the left anterior axillary fold, and the Jeft 
nipple was much lower than usual. Absence of which muscle probably caused 
these unusual observations? Would the infant be likely to suffer any disabili- 
ty? 

A oetight was concerned when he learned that he had only one palmaris 
longus muscle. Is this a common occurrence? Does the absence of this 
muscle cause a disability? 

. The parents of a 4-year-old girl observed that she always held her head slightly 
tilted to the right side and that one of her neck muscles was more prominent 
than the others. Name the muscle that was prominent. Did it pull the child's 
head to the right side? What is this deformity called? What probably caused 
the muscle shortening that resulted in this condition? 

. Failure of striated muscle to develop in the midline of the anterior abdominal 
wall is associated with the formation of a severe congenital abnormality of the 
urinary system. What is this malformation called? What is the embryological 
basis of the failure of muscle formation? 


The answers to these questions are given at the back of the book. 
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LIMB DEVELOPMENT 


The general features of limb development 
are described and illustrated in Chapier 5. 
Development of the hmb bones is described 
in Chapter 15, and formation of the limb 
musculature is outlined in Chapter 16. The 
purpose of this chapter ts to consolidate this 
material. 

The limb buds first appear as smail eleva- 
tions on the ventrolateral body wall toward 
the end of the fourth week (Fig. 17-1). The 
upper limb buds appear disproportionately 
low on the embryo’s trunk because develop- 
ment of the head and neck occurs in advance 
of the rest of the embryo. The early stages of 
limb development are alike for the upper and 








Figure 17-1 Drawing of an embryo during stage 
13 (about 28 days}, showing the paddle-shaped ap- 
pearance of the early limb buds. At this stage, the 
limb buds consist of a core of mesenchyme and a 
covering layer of ectoderm. Early development of the 
upper and lower !imb buds is similar, except that 
development of the upper limb bud precedes that of 
the tower limb bud by a few days. 
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THE LIMBS 


lower limbs (Figs. 17-1 and 17-2), except 
that development of the upper limb buds 
precedes that of the lower limb buds by afew 
days. The upper limb buds develop opposite 
the caudal cervical segments, and the lower 
limb buds form opposite the lumbar and 
upper sacral segments (Fig. 17~4). Each limb 
bud consists of a mass of mesenchyme 
derived from the somatic mesoderm and is 
covered by a layer of ectoderm. 

The apical ectodermal ridge (see Fig, 15- 
13) exerts an inductive influence on the limb 
mesenchyme that promotes growth and de- 
velopment of the limbs. The distal ends of 
the flipper-like limb buds soon flatten into 
paddle-like hand or foot plates (Fig, 17-2), 
By the end of the sixth week, the mesenchy- 
mal tissue in the periphery of the hand plates 
condenses to form digital rays (finger rays), 
which outline the pattern of the digits. In the 
seventh week, similar rays develop in the 
foot plates. Soon, the intervening regions of 
tissue break down, forming notches between 
the digital rays. This tissue breakdown pro- 
gresses inward from the circumference, pro- 
ducing the fingers and toes. If this process is 
incomplete or is arrested, varying degrees of 
webbing, or syndactyly, result (Fig, 17~9). 

As the limbs elongate and the bones form, 
myoblasts aggregate and develop into a large 
muscle mass in each limb bud, In general, 
this muscle mass separates into dorsal (ex- 
tensor) and ventral (flexor) components, The 
limb musculature develops in situ from the 
mesenchyme surrounding the developing 
bones. The limbs receive no mesenchymal 
contribution from the myotome regions of 
the somites (O’Rahilly, 1967). 

Early in the seventh week, the limbs ex- 
tend ventrally, and then the developing 
upper and lower limbs rotate in opposite 
directions and to different degrees (Fig. 17— 
3). Originally, the flexor aspect of the limbs 
is ventral and the extensor aspect dorsal, and 
the preaxial and postaxial borders are cranial 
and caudal, respectively (Fig. 17-4A and D), 
The upper limbs rotate laterally through 90 
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Figure 17-2 Drawings illustrating stages in the development of the hands and feet between the fourth and 
eighth weeks. The early stages of limb development are alike, except that development of the hands precedes 


that of the feet by a few days. 


degrees on their longitudinal axes; thus, the 
future elbows point backward, or postertor- 
ly, and the extensor muscles come to lie on 
the lateral and posterior aspects of the limb. 
The lower limbs rotate medially through al- 
most 90 degrees; thus, the future knees face 
forward, or anteriorly, and the extensor mus- 
cles lie on the anterior aspect of the lower 
limb. It should also be clear that the radius 
and the tibia are homologous bones, as are 
the ulna and the fibula, just as the thumb and 
the great toe are homologous digits. 
Dermatomes and Cutaneous Innerva- 
tion of the Limbs (Fig. 17-4}. Because of 
its relationship to the growth and rotation of 
the limbs, the cutaneous segmental nerve 
supply of the limbs is considered in this 
Chapter rather than in the chapter dealing 





with the nervous system or the integumen- 
tary system, 

A dermatome is defined as the area of skin 
supplied by a single spinal nerve and its 
spinal ganglion. The peripheral] nerves grow 
from the limb plexuses (brachial and lumbo- 
sacral) into the mesenchyme of the limb buds 
during the fifth week. The spinal nerves are 
distributed in segmental bands and supply 
both dorsal and ventral surfaces of the limb 
buds. As the hmbs elongate, the cutaneous 
distribution of the spinal nerves migrates . 
along the limbs and no longer reaches the 
surface in the distal part of the limbs. Al- 
though the original dermatomal pattern 


changes during growth of the limbs, an or- 
derly sequence of distribution can still be 
recognized in the adult (Fig. 17-4C and F). 





Figure 17-3 Drawings illustrating positional changes of the deveiaping limbs. A, During stage 19 (about 48 
days}, showing the limbs extending ventrally and the hand and faat pilates tacing each other. 8B, During stage 20 
(about 51 days), showing the upper limbs bent at the elbows and the hands curved over the thorax. C, During 
stage 22 (about 54 days), showing the soles of the feet facing medially. D, About 56 days. Note that the elbows 


now point caudally and the knees cranially. 
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Figure 17-4 Diagrams illustrating development of the dermatomal patterns of the limbs. The axial lines 










ventrol oxial lines 





anterior aspect 
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indicate where there is no sensory overlap. A and O, Ventral aspect of the limb Duds early In the fifth week. At 
this stage, the dermatomal patterns show the primitive segmenta! arrangement. 8 and E, Similar views later In 
the fifth week, showing the modified arrangement of dermatomes. C and F, The dermatomal patterns in the 
adult upper and jower limbs. The primitive dermatomal pattern has disappeared, but an orderly sequence of 
dermatomes can still be recognized. In F, note that most of the original ventral surface of the lower limb lies on 
the back of the adult limb. This results from the medial rotation of the lower limb that occurs toward the end of 
the embryonic period. In the upper limb, the ventral axial line extends along the anterior surface of the arm and 
forearm. In the tower limb, the ventral axial line extends along the mediat side of the thigh and knee to the 


posteromedial aspect of the leg to the heel. 


In the upper limb, observe that the areas 
supplied by C5 and C6 adjoin the areas 
supplied by T2, Tl, and C8, but the overlap 
between them is minimal at the ventral axial 
line (Fig. 17~4C). 

A cutaneous nerve area is the area of skin 
supplied by a peripheral nerve; both cutane- 
ous nerve areas and dermatomes show con- 
siderable overlapping. It should be empha- 
sized that the dermatomal patterns indicate 
only that if the dorsal root of that segment is 
cut, there may be a slight deficit in the area 
indicated; however, because there is over- 
lapping of dermatomes, a particular area is 
not exclusively innervated by a single seg- 
mental nerve. The limb dermatomes may be 
traced progressively down the lateral aspect 
of the upper limb and back up tts media! as- 
pect. 

A comparable distribution of dermatomes 
occurs in the lower limbs, which may be 
traced down the ventral and then up the dor- 
sal aspect of the lower limb. When the limbs 
descend, they carry their nerves with them; 
this explains the oblique course of the nerves 
of the brachial and lumbosacral plexuses. 


LIMB MALFORMATIONS 


Minor limb defects are relatively common, 
but major limb malformations are generally 
rare. Abnormalities of the fingers and toes 
are relatively common, but they can usually 
be corrected surgically. Although minor mal- 
formations are usually of no serious medical 
consequence, they may serve as indicators 
of more serious abnormalities; i.e., they may 
be part of a specific pattern of malformations 
(Smith, 1976), Many severe limb deformities 
occurred from 1957 to 1962 as a result of 
maternal ingestion of thalidomide (Fig. 17- 
5). This drug, widely used as a Sedative and 
antinauseant, was withdrawn from the mar- 
ket in December 1961. 


The terminology used to describe limb deficien- 
cies in this book follows the commonly used inter- 
national nomenclature in which only two basic 
descriptive terms are used (Swinyard, 1969): (1) 
amelia, complete absence of a limb or limbs (Fig. 
17-5A), and (2) meromelia (Gr. meros, part, and 
melos, extremity), partial absence of a limb or 
limbs (Fig. 17-58 and C}. Descriptive terms such 
as hemimelia, peromelia, ectromelia, phocomelia, 
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Figure 17-5 Limb malforma- 
tions caused by thalidomide. A, 
Quadruple amelia. The upper and 
lower limbs are absent. 8, Mero- 
mella of the upper limbs. The 
Upper limbs are represented by 
rudimentary stumps. ©, Mero- 
mella, with the rudimentary up- 
per Ilmbs attached directly to the 
trunk. (From Lenz, W., and Knapp, 
K.: Ger, Med. Mon. 7:253, 1962.) 
See also Figure 8-18. 


and so forth are not used in current nomenclature 
because of their imprecision. 

Cleft Hand and Cleft Foot (Lobster- 
Claw Deformities, Figs. 17-6E and F and 
17-7). In these rare deformities, there is 
absence of one or more central digits, result- 
ing from failure of development of one or 
more digital rays; thus the hand or foot is 
divided into two parts that oppose each other 
like lobster claws. The remaining digits are 
partially or completely fused (syndactyly). 

Clubhand (Congenital Absence of the 
Radius). The radius is partially or com- 
pletely absent. The hand deviates radially 
and the uina bows with the concavity on the 
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lateral side of the forearm. The deformity is 
often inherited. 

Brachydactyly (Fig. 17-8A). Shortness 
of the fingers or toes is uncommon and 
resuits from reduction in the size of the 
phalanges. It is usually inherited as a domi- 
nant trait and Is often associated with short- 
ness of stature. 

Polydactyly (Fig. 17-8C and D). Super- 
numerary fingers or toes are common. Often, 
the extra digit is incompletely formed and 
Tacks proper muscular development; it is 
thus useless. If the hand is affected, the extra 
digit is most commonly medial or lateral 
rather than central. In the foot, the extra toe 
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Figure 17-6 Photographs illustrating various types of meromelia. A, Absence of the hands and most of the 
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forearms. 8, Absence of the phalanges. C, Absence of the hand. D, Absence of the fourth and fifth phalanges 
and metacarpals. There is also syndactyly. E, Absence of the third phalanx, resulting in a cleft hand (lobster 
claw). F, Absence of the second and third toes, resulting in a cleft foot. (D is from Swenson, O.: Pediatric 
Surgery. +958. Courtesy of Appleton-Century-Crofts, Inc.} 


is usually on the lateral side. Polydactyly is 
inherited as a dominant trait. 

Syndactyly (Fig. 17-9). Fusion of the 
fingers or toes 1s the most common limb 
malformation and is more frequent in the 
foot than in the hand. Syndactyly results 
from a lack of differentiation between two or 


more digits. Normally, the mesenchyme in 
the periphery of the hand and foot plates 
condenses to form the primordia of the 
fingers and toes, and the thinner tissue be- 
tween them breaks down. Webbing of the 
skin between the fingers or toes results from 
failure of this tissue breakdown to occur (Fig. 
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Figure 17-7 A fetus with absence of central dig- 
its, resulting in the division of the hands into two 
parts that oppose each other like lobster claws. This 
condition is often referred to as cieft hand or the 
lobster-claw deformity. This fetus also has an abnor- 
maily large head and low-set, malformed auricies of 
the external ears. 


+ 


Figure 17-8 Photographs of various types of limb deformity. A, Brachydactyiy. 8, Hypoplasia of the thumb. 
C, Polydactyly, showing a supernumerary finger. D, Polydactyly, showing a supernumerary toe. &, Partial 
duplication of the foot. F, Partial duplication of the thumb. {C and D are from Swenson, O.: Pediatric Surgery. 
1958, Courtesy of Appleton-Century-Crofts, Inc.} 
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Figure 17-9 Photographs of various types of limb deformity. A, Syndactyly, showing skin webs between 
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the first and second and the second and third toes. 8, Syndactyly involving fusion of all the toes except the fifth. 
C, Syndactyly associated with clubfoot {talipes equinovarus). D, Syndactyly involving webbing of the third and 
fourth fingers. E and F, Dorsal and palmar views of a child's right hand, showing syndactyly, or fusion, of the 
second to fifth fingers. (A and D are from Swenson, O.: Pediatric Surgery. 1958. Courtesy of Appleton-Century- 


Crofts, inc.) 


17-2F and K). In some cases, there is also 
fusion of the bones (synostosis). Syndactyly 
is most frequently observed between the 
third and fourth fingers and between the 
second and third toes. It is inherited as a 
simple dominant or simple recessive trait. 
Congenital Clubfoot (Fig. 17-9C). Any 
deformity of the foot involving the talus 
(ankle bone) is called clubfoot, or talipes (L. 
talus, heel, ankle + pes, foot). Clubfoot is a 
common deformity, occurring about once in 
1000 births. It is characterized by an abnor- 
mal position of the foot that prevents normal 
weight bearing. As the child develops, he or 
she tends to walk on the ankle rather than on 
the sole of the foot; hence, the name ftalipes. 
Talipes equinovarus (Fig. 17-9C) is the 
most common type of clubfoot, and occurs 
about twice as frequently in males. The sole 
of the foot is turned medially, and the foot is 
adducted and plantar flexed at the midtarsal 
joint. There is much uncertainty about the 
cause of clubfoot (Warkany, 1971). Although 
it is commonly stated that this condition 


results from abnormal positioning or restrict- 
ed movement of the fetus’s lower limbs in 
utero, the evidence for this is inconclusive. 
Hereditary factors are involved in some 
cases, and it appears that environmental 
factors are also involved in most cases. Club- 
foot appears to follow a multifactorial pat- 
tern of inheritance {see Chapter 8). Hence, 
any intrauterine position that results in ab- 
nomnal positioning of the feet may cause 
clubfeet if the fetus is genetically predisposi- 
tioned to this deformity. 

Congenital Dislocation of the Hip. This 
deformity occurs in about 1 of every 1500 
newborn infants and is more common in 
females than in males. The capsule of the hip 
joint is very relaxed at birth, and there is 
underdevelopment of the acetabulum of the 
hip bone and the head of the femur. The 
actual dislocation almost always occurs after 
birth. 

Two causative factors are commonly sug- 
gested: (1) Abnormal development of the 
acetabulum. About 15 per cent of infants 
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with congenital dislocation of the hip are 
breech deliveries, which suggests that 
breech posture in prenatal life may result m 
abnormal development of the acetabulum 
and the head of the femur. (2) Generalized 
joint laxity appears to be associated with 
dislocation of the hip. Joint laxity is often a 
dominantly inherited condition. Hence, con- 
genital dislocation of the hip follows a mul- 
tifactorial pattern of inheritance (see Chap- 
ter 8). 

Causes of Limb Malformations. Ab- 
normalities originate at different stages of 
development. Early suppression of limb de- 
velopment results in amelia (Fig. 17—SA). 
Later arrest or disturbance of differentiation 
or growth of the limbs results in various 
types of meromelia (Fig. 17-SB and C, and 
17-6). Like other malformations, some limb 
deformities are caused by genetic factors, 
e.g., chromosomal abnormalities, as in tri- 
somy 18 (see Fig. 8-5), or mutant genes, as in 
brachydactyly (Fig. 17~8A); by environmen- 
tal factors, e.g., thalidomide (Fig. 17-5); or 
by a combination of genetic and environmen- 
tal factors (multifactorial inheritance), ¢.g., 
congenital dislocation of the hip. 

Experimental studies lend support to the 
suggestion that mechanical influences during 
intrauterine development may cause some 
limb malformations. A reduced quantity of 
amniotic fluid (oligohydramnios) is common- 
ly associated with limb deformities (Dunn, 
1976). However, the significance of mechani- 
cal influences in the uterus on congenital 
postural deformities is still open to question 
(McKeown, 1976). 
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SUMMARY 


The limbs begin to appear toward the end 
of the fourth week as slight elevations of the 
ventrolateral body wall. The upper limb buds 
develop slightly before the lower limb buds. 
The tissues of the limb buds are derived from 
two main sources: somatic mesoderm and 
ectoderm. 

Initially, the developing limbs are directed 
caudally; later, they project ventrally, and 
finally they rotate on their longitudinal axes. 
The upper and lower limbs rotate in opposite 
directions and to different degrees. 

The majonty of limb malformations appear 
to be caused by genetic factors; however, 
many deformities probably result from an 
interaction of genetic and environmental fac- 
tors (multifactorial inheritance). Relatively 
few congenital malformations of the limbs 
can be attributed to specific environmental 
teratogens, except those resulting from thali- 
domide. 


SUGGESTIONS FOR ADDITIONAL READING 


Lloyd-Roberts, G. C.: Orthopedic abnormalities; in A. 
P. Norman (Ed.): Congenital Abnormalities in In- 
fancy, 2nd ed. Oxford, Blackwell Scientific Publica- 
tions, 1971, pp. 269-287. A clinically oriented discus- 
sion of the many abnormalities of the limbs. 
Treatment of the deformities and the expected results 
are also discussed. 

Trueta, J.. The growth and development of bones and 
joints: Orthopaedic aspects; in J. A. Davis and J. 
Dobbing (Eds.): Scientific Foundations of Paedia- 
trics. Philadelphia, W. B. Saunders Co., 1974, pp. 
399-419. A comprehensive, well-illustrated account 
of the growth and development of bones and joints. 
Conditions caused by disturbed growth of bones and 
joints are discussed. 


CLINICALLY ORIENTED PROBLEMS 
. Do more female infants have congenital dislocation of the hip than male 
infants? Are the hip joints of these infants usually dislocated at birth? 
. Are limb malformations similar to those caused by the drug thalidomide 
common? What was the characteristic malformation syndrome produced by 
thalidomide? Name the limb defects associated with this syndrome. 


. What is the most common type of clubfoot (talipes)? How common ts it? 
Describe the feet of infants born with this malformation. 

. Issyndactyly common? Does it occur more often in the hands than in the feet? 
What is the embryological basis of syndactyly ? 


The answers to these questions are given at the back of the book. 
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THE NERVOUS SYSTEM 


The nervous system develops from a 
thickened area of embryonic ectoderm called 
the neural plate (Fig. 18-1A), which appears 
during developmental stage 8 (about 18 
days}. Experimental studies in lower verte- 
brates have shown that the underlying no- 
tochord and paraxial mesoderm constitute a 
chordamesoderm field of organizer action 
that induces the overlying ectoderm to dif- 
ferentiate into the neural plate. 

Formation of the neural tube and neural 
crest from the neural plate is described in 
Chapter 4 and is illustrated in Figure 18~1. 
The neural tube differentiates into the cen- 
tral nervous system, consisting of the brain 
and spinal cord, and the neural crest gives 
rise to most of the peripheral nervous sys- 
tem, consisting of cranial, spinal, and auto- 
nomic ganglia and nerves (Fig. 18-8). In 
addition, neural crest cells differentiate into 
Schwann cells, pigment cells, odontoblasts, 
meninges, and bone of branchial arch origin 
(see Chapters 4 and 10). 


THE CENTRAL NERVOUS SYSTEM 


Formation of the neural tube begins during 
stage 10 of development (22 to 23 days) in the 
region of the fourth to sixth somites (see Fig. 
5-8A), which represents the future cervical 
region. At this stage, the cranial two thirds of 
the neural plate and neural tube, as far 
caudal as the fourth pair of somites, repre- 
sent the future brain, and the caudal one 
third of the neural tube and neural plate 
represents the future spinal cord. Fusion of 
the neural folds proceeds in a somewhat 
irregular fashion in cranial and caudal direc- 
tions. The neural tube is temporarily open at 
both ends, where it communicates freely 
with the amniotic cavity (see Figs. 5-96, 
18-1, and 18-2). The cranial opening, called 
the rostral neuropore, closes on about the 
twenty-fifth day during developmental stage 
11 (See Fig. 5-10), and the caudal neuropore 


closes during the next stage, about two days 
later (Fig. 18-2D). 

The walls of the neural tube become thick- 
ened to form the brain and the spinal cord 
(Fig. 18-3). The lumen of the neural tube is 
converted into the ventricular systein of the 
brain and the central canal of the spinal 
cord. 


THE SPINAL CORD 


The neural tube caudal to the fourth pair of 
somites develops into the spinal cord (Figs. 
18-3 and 18-4). The lateral walls of the 
neural tube thicken until only a minute con- 
tral canal is present at 9 to 10 weeks (Fig. 
18-4C). The wall of the neural tube is initially 
composed of a thick, pseudostratified, co- 
lumnar neuroepithelium (Fig. 18-4A and D). 
These neuroepithelial cells constitute the 
ventricular zone (ependyinal layer) and give 
rise to all neurons and macroglial cells of the 
spinal cord (Fig. 18-5). Macroglial cells, or 
macroglia, are the larger types of neurog- 
lial cells (astrocytes and oligodendrocytes). 
Soon, a marginal zone composed of the 
outer parts of the neuroepithelial cells be- 
comes recognizable (Fig. 18-4#). This zone 
gradually becomes the white matter of the 
cord as axons grow into it and over it fronr 
nerve cell bodies in the spinal cord, in the 
spinal ganglia, and in the brain. 

Some dividing neuroepithelial cells in the 
ventricular zone differentiate into primitive 
neurons called neuroblasts. The neuroblasts 
arise exclusively by division of neuroepithe- 
lial cells. These cells form an intermediate 
zone (mantle layer) between the ventricular 
and marginal zones (Fig. 18-4). Neuro- 
blasts become neurons as cytoplasmic proc- 
esses develop (Fig. 18-5). The longest cy- 
toplasmic processes are axons. 

The primitive supporting cells of the cen- 
tral mervous system, the glioblasts (spon- 
gioblasts) differentiate from neuroepithelial 
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Figure 18-1 Diagrams illustrating formation of the neural crest and folding of the neural plate into the 
neural tube. A, Dorsal view of an embryo during developmental stage 8 (about 18 days), exposed by removing 
the amnion. 8, Transverse section of this embryo showing the neural plate and early development of the neural 
groove. The developing notochord is also shown (for details of its development, see Chapter 4). C, Dorsal view 
of an embryo during developmental stage 10 (about 22 days). The neural folds have fused opposite the somites 
but are widely spread out at both ends of the embryo. The rostral and caudal neuropores are indicated. D, E, 
and F, Transverse sections of this embryo at the levels shown in C, illustrating formation of the neural tube and 
its detachment from the surface ectoderm. Note that some neuroectodermal cells are not included in the neural 
tube but remain between it and the surface ectoderm as the neural crest. These cells first appear as paired 
columns on the dorsolateral aspect of the neural tube, but they soon become broken up into a series of 
segmental masses. See Figure 18-8 for derivatives of neural crest cells. 
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Figure 18-2 A, Dorsal view of an embryo during developmental stage 10 (about 23 days), showing advanced 
fusion of the neural folds. 8, Lateral view of an embryo during developmental stage 11 (about 24 days), showing 
the forebrain prominence and closing of the rostral neuropore. C, Sagittal section of this embryo showing the 
transitory communication of the neural canal with the amniotic cavity (arrows). D, Lateral view of an embryo 
during developmental stage 12 (about 26 days). The neuropores are closed and the three primary brain 
vesicles, Illustrated in Figure 18-3A, are present but are not visible. 
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Figure 18-3 A, Schematic lateral view of an embryo during developmental stage 13 {about 28 days), 
showing the three primary brain vesicles. The two flexures demarcate the primary divisions of the brain. B, 
Transverse section of this embryo, showing the neural tube that will develop into the spinal cord In this region. 
The spinal ganglia derived from the neural crest are also shown. C, Schematic lateral view of the central 
nervous system of a six-week embryo, showing the secondary brain vesicles and the pontine flexure. The 
flexures occur as the brain grows rapidly and are important factors in determining the final shape of the 
brain. 
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Figure 18-4 Diagrams illustrating development of the spinal cord. A, Trensverse section through the neural 
tube af an embryo during developmental stage 10 (about 23 days). 8 and C, Similar sections at six and nine 
weeks, respectively. 0, Section through the well of the early neural tube. E, Section through the wall of the 
developing spinal cord showing the three different zones. In drawings A ta C, note that the neural cane! of the 
neurel tube is converted into the central canal of the spinal cord. 


cells mainly after neuroblast formation has 
ceased. The glioblasts migrate from the ven- 
tricular zone into the intermediate and mar- 
ginal zones; some become astroblasts and 
then astrocytes, whereas other glioblasts be- 
come oligodendroblasts and, later, oligoden- 
drocytes. When the neuroepithelial cells 
cease producing neuroblasts and glioblasts, 
they differentiate into ependymal cells, 
which give rise to the ependyma, or epen- 
dymal epithelium, lining the central canal of 
the spinal cord. 

The microglial cells (microglia), which are 
scattered through the gray and white matter, 
are small neuroglial cells that are derived 
from mesenchymal cells (Fig. 18-5). These 
cells invade the central nervous system 
rather late in the fetal period, after it has 
been penetrated by blood vessels. In view of 


their mesodermal origin and their role as 
scavenger cells, microglia are classified as 
part of the reticuloendothelial system, with 
properties similar to those of histiocytes in 
connective tissue (Barr, 1979). 

Proliferation and differentiation of the neu- 
roepithelial cells in the developing spinal 
cord produce thick walls and thin roof and 
floor plates (Fig. 18-48). Differential thick- 
ening of the lateral walls soon produces a 
shallow longitudinal groove called the sulcus 
limitans (Figs. 18-4B and 18-6), which 
separates the dorsal part, or alar plate (lami- 
na), from the ventral part, or basal plate 
(lamina). The alar and basal plates produce 
longitudinal bulges extending through most 
of the developing spinal cord’s length on 
each side in its lateral walls. This regional 
separation is of fundamental importance be- 
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Figure 18-5 Schematic diagram illustrating the histogenesis of cells In the central nervous system. With 
further development, the multipolar neuroblast {lower left) becomes a nerve cell, or neuron. Neuroepithelial 
cells give rise to all neurons and macroglial ceils. Microglial cells are derived from mesenchymal cells that 
invade the developing nervous system with the developing blood vessels. 


cause the alar and basal plates are later 
associated with afferent and efferent func- 
tions, respectively. 

The Alar Plates (Figs. 18-4, 18-6, and 
18-7). Cell bodies in the alar plates form 
the dorsal gray matter in columns that extend 
the length of the spinal cord. In cross sec- 
tions, these columns are called dorsal horns. 
Neurons in these columns constitute afferent 
nuclei, and groups of these nuclei form the 
dorsal gray columns. As the alar plates en- 
large, the dorsal septum forms. 


The Basal Plates (Figs. 18-4, 18-6, and 
18-7). Cell bodies in the basal plates form 
the ventral and lateral gray columns. In 
transverse sections of the spinal cord, these 
columns are commonly called ventral and 
lateral horns, respectively. Axons of ventral 
horn cells grow out of the spinal cord and 
then receive sheaths formed by Schwann 
cells, derivatives of neural crest cells (Figs. 
18-8 and 18-11). The nerve fibers thus 
formed are grouped into large bundles called 
ventral roots of the spinal nerves. As the 
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Figure 18-6 Photomicrograph of a transverse section of the developing spinal cord in a 14-mm human 
embryo during stage 18 of development, about 44 days {x 75). The dorsal wall (roof plate) and the ventral wall 
(floor plate) contain no neuroblasts and are relatively thin. (Courtesy of Dr. J. W. A. Duckworth, Professor 
Emeritus of Anatomy, University of Toronto.) 
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Figure 18-7 Photomicrograph of a transverse section of the developing spinal cord in a 20-mm human 
embryo during stage 20, about 50 days (x 60). 
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Figure 18-8 Diagram shawing the derivatives af the neural crest. Neural crest cells also differentiate into 
cells of the afferent ganglia af cranial nerves, Farmatian af a spinal nerve is also illustrated. 


basal plates enlarge, they bulge ventrally 
on each side of the midline and produce the 
ventral median septum and a deep longi- 
tudinal groove on the ventral surface of the 
spinal cord known as the ventral median fis- 
sure (Fig. 18-7), 

Spinal Ganglia (Figs. 18-6 and 18-7). 
Unipolar neurons in the spinal ganglia (dor- 
sal root ganglia) are derived from neural 
crest cells (Figs. 18-1F, 18-8, and 18-9), 
Their axons divide in a T-shaped fashion 
into central and peripheral processes. Both 
processes of spinal ganglion cells have the 
structural characteristics of axons, but the 
peripheral one is a dendrite in-that there is 
conduction toward the cell body. The central 


branches or processes enter the spinal cord 
and constitute the dorsal roots of spinal 
nerves (Figs. 18-7 and 18~8). Some central 
processes (axons) of spinal ganglion cells 
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Figure 18-9 Diagrams illustrating successive 
stages in the differentiation of a neural crest cell into 
a unipolar afferent neuron of a spina! ganglion (dor- 
sal root ganglion). 
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end in the dorsal gray column of the spinal 
cord, whereas others ascend to the brain in 
the dorsal white columns of the cord. These 
white columns lie between the right and left 
dorsal gray columns. The peripheral proc- 
esses Of spmal ganglion cells pass in the 
spinal nerves (Figs. 18-6 and 18-8) to 
sensory endings in somatic or visceral 
structures. 

Spinal Meninges. The mesenchyme sur- 
rounding the neural tube condenses to form a 
covering, or membrane, called the primitive 
meninx, The outermost layer of the primitive 
meninx thickens to form the dura mater; the 
innermost layer remains thin and becomes 
the pia-arachnoid. It is composed of pia 
mater and arachnoid, which together consti- 
tute the leptomeninges. Fluid-filled spaces 
appear within the leptomeninges and soon 
coalesce to form the subarachnoid space 
(Fig, 18-10). The origin of the pia mater and 
arachnoid from a single layer is indicated in 
the adult by the numerous delicate strands of 
connective tissue (arachnoid trabeculae) 
passing between them. 

Positional Changes of the Spinal Cord 
(Fig. 18-10). In the embryo, the spinal 
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cord extends the entire length of the verte- 
bral canal and the spinal nerves pass through 
the intervertebral foramina at their levels 
of origin (Fig. 18-10A). Because the verte- 
bral column and dura mater grow more 
rapidly than the spinal cord, this relation- 
ship does not persist. Consequently, the 
caudal end of the spinal cord gradually 
comes to lie at relatively higher levels. At 
six months, it lies at the level of the first 
sacral vertebra (Fig. 18-108); in the new- 
born infant, it terminates at the level of the 
second or third lumbar vertebra (Fig. 18- 
10C); in the adult, it usually terminates at 
the inferior border of the first lumbar verte- 
bra (Fig. 18-—10D). This is an average level 
because the caudal end of the cord may be as 
high as the twelfth thoracic vertebra or as 
low as the third Jumbar vertebra. Asa result, 
the spinal nerve roots, especially those of the 
lumbar and sacral segments, run obliquely 
from the spinal cord to the corresponding 
level of the vertebra! column. The dorsal and 
ventral nerve roots inferior to the end of 
the cord (the conus medullaris) form a sheaf 
of nerve roots called the cauda equina (Fig. 
i8-10D). Although the dura extends the en- 
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Figure 18-10 Diagrams showing the position af the caudal end of the spinal cord in relation to the vertebral 
column and the meninges at various stages of development. The increasing inclination of the root of the first 
sacral nerve is also illustrated. A, Eight weeks. B, 24 weeks. C, Newborn. D, Adult. 
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Figure 18-11 Diagrammatic sketches illustrating myelination of axons, A to E, Successive stages in the 
myelination of a peripheral nerve fiber, or axon, by a Schwann cell. The axon first indents the cell, then the 
Schwann cell rotates around the axon as the mesaxon (site of invagination) elongates, The cytoplasm between 
tha layers of cell membrane gradually condenses. Cytoplasm remains on the inside of the sheath between the 
myelin and axon. F to H, Successive stages in the myelination of a nerve fiber in the central nervous system 
by an oligodendrocyte. A process of the neuroglial cell wraps itself around an axon, and the intervening Sayers 
of cytoplasm move to the body of the cell. Myelination in the brain begins in the brain stem and reaches the 


level of the cerebral hemispheres by birth. 


tire length of the vertebral column in the 
adult, the other layers of the meninges do 
not. The pia mater beyond the caudal end of 
the spinal cord forms a long fibrous thread, 
the flum terminale, which extends from the 
conus medullaris and attaches to the perios- 
teum of the first coccygeal vertebra in the 
adult. The filum terminale also indicates the 
line of regression of the embryonic spinal 
cord, 

A portion of the subarachnoid space, from 
which cerebrospinal fluid may be removed 
without damaging the spinal cord, extends 
below the cord. The removal of cerebrospt- 
nal fluid by insertion of a needle between 
certain lumbar vertebrae and into the sub- 
arachnoid space is known as lumbar punc- 
ture. Moore (1980) illustrates this technique. 
There is little danger that the needle will 
damage the spinal cord if it is inserted be- 
tween the spinous processes of L3/L4 or 
L4/LS5 vertebrae. 

Myelination (Fig. 18-11}. Myelin for- 
mation begins in the spinal cord during mid- 
fetal life and continues during the first post- 
natal year. In general, fiber tracts appear to 
become completely myelinated at about the 
time they become fully functional. 

The myelin sheath surrounding nerve 
fibers in the spinal cord is formed by oligo- 


dendrocytes. The lipoprotein plasma mem- 
brane of an oligodendrocyte is wrapped 
around the axon in a number of layers (Fig. 
18-1 LF to G). 

The myelin sheath is formed around axons 
of peripheral nerve fibers by the plasma 
membranes of neurolemma cells, or Schwann 
cells (Fig. 18-11). Schwann cells are 
derived from neural crest cells (Fig. 18-8) 
that migrate peripherally and wrap them- 
selves around the axons of somatic motor 
neurons and preganglionic autonomic motor 
neurons as they pass out of the central 
nervous system. These cells also wrap them- 
selves around both the central and the pe- 
ripheral processes of the somatic and viscer- 
al sensory neurons, as well as around the 
axons of postganglionic autonomic motor 
neurons (Fig. 18-11A to F). 

Electron microscopy has shown that mye- 
lin is not only formed by the Schwann cells 
but consists of its plasma membrane 
wrapped around the axon (Fig. 18-11A to 
E). Hence, myelin is merely a series of 
condensed cell membranes after the cyto- 
plasm is squeezed back into the body of the 
cell. 

Beginning at about 20 weeks, the nerve 
fibers begin to have a whitish appearance, 
owing to the deposition of myelin. 








THE SPINAL CORD 385 


CONGENITAL MALFORMATIONS OF 
THE SPINAL CORD AND/OR THE 
MENINGES 


Most congenital malformations of the spi- 
nal cord result from defective closure of the 
caudal neuropore toward the end of the 
Yourth week of development. Severe neural 
tube defects also involve the tissues overly- 
ing the spinal cord (meninges, vertebral arch, 
dorsal muscles, and skin; Figs, 18—12B to D 
and 18—17). 

Malformations involving the caudal end of 
the neural tube and the vertebral arches are 
referred to as spina bifida (divided spine). 
This term describes nonfusion of the verte- 
bral arches common to all types of spina 
bifida (Fig. 18-12}. These conditions range 
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from cimuicaliy significant types to minor, 
clinically unimportant types. 

Spina Bifida Occulta (Fig. 18-12A). 
This is a vertebral defect resulting from 
failure of the two halves of the vertebral 
arch to fuse, usually in the sacral, lumbar, 
and cervical regions (see also Chapter 15). 
This defect-is in LS or Slin about 10 per cent 
of people. In its most minor form, there is no 
defect in the skin, and the only evidence of 
its presence may be a small dimple with a tuft 
of hatr. Spina bifida occulta produces no 
clinical symptoms. 


Spinal Dermal Sinus (Figs. 18-13 and 18- 
14). A skin dimple in the sacral region may be 
associated with spina bifida occulta, Such dimples 
indicate the region of closure of the caudal neuro- 
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Figure 18-12 Diagrammatic sketches illustrating various types af spina bifida and the commoniy as- 
sociated malformations of the nervous system. A, Spina bifida occulta. About 10 per cent of people have this 
vertebral defect in LS and/or S1. It causes na back prablems. 8, Spina bifida with meningocele. C, Spina 
bifida with meningomyelocete. D, Spina bifida with myelaschisis. (Madified from Patten, B. M.: Human Em- 
bryology. 2nd ed. Copyright © 1968 by McGraw-Hill, Inc. Used by permission of McGraw-Hill Book Company.) 
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Figure 18-13 A, Photograph of a skin dimple in the sacral region. The opening of the spinal dermai sinus is 
indicated by an arrow. 8, Photograph taken during removal of this sinus, showing the cord (arrow) connecting 
the dimple to the spinal dura mater. (Courtesy of Dr. Dwight Parkinson, Children’s Centre, Winnipeg, Can- 


ada.) 


pore at the end of the fourth week, and therefore 
represent the last place of separation between the 
surface ectoderm and the neural tube. In some 
cases, the dimple is connected with the dura 
mater by a fibrous cord (Fig. 18-13 B). 

A rare but more serious condition exists whena 
sinus, or fistula, connects the subarachnoid space 
with the exterior through the dimple on the skin 
(Fig. 18-14). This fistula may provide a source of 
recurring meningitis. 

Very rarely, some surface ectodermal cells are 
incorporated into the neural tube during closure of 
the caudal neuropore, and these may give rise to a 





Figure 18-14 Photograph of a cervical derma! 
sinus {fistula} connecting the exterior (arrow) with 
the subarachnoid space around the upper cervical 
region of the spinal cord. (Courtesy of Dr. Dwight 
Parkinson, Children’s Cenire, Winnipeg, Canada.) 


type of spinal cord tumor called an intramedullary 
dermoid (List, 1941). 

Spina Bifida Cystica (Figs. 18-12 and 
18-15 to 18-17). Severe types of spina 
bifida, involving protrusion of the spinal cord 
and/or the meninges through the defect in the 
vertebral arch, are often referred to collec- 
tively as spina bifida cystica because of the 
cyst-like protrusion, or sac, that is associat- 
ed with these malformations. When the sac 
contains meninges and cerebrospinal fluid, 
the condition is called spina bifida with me- 
ningocele (Fig. 18-12B). The spinal cord and 
Spinal roots are in their normal position, but 
there may be spinal cord abnormalities. If 
the spinal cord and/or nerve roots are includ- 
ed in the sac, the malformation is called 
spina bifida with meningomyelocele (Fig. 
18-12C, 18-15, and 18-16). The spinal cord 
used to be called the spinal medulla; thus, 
myelo (Gr. myelos, medulla) is included in 
the name of this malformation. 

In meningomyeloceles, there is often a 
marked neurological deficit inferior to the 
level of the protruding sac. This deficit 
occurs because nervous tissue 1s often incor- 
porated in the wall of the sac, a condition 
that impairs early development of nerve 
fibers. Meningomyeloceles may be covered 
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Figure 1815 Photographs of infants with spina bifida cystica. A, Spina bifida with meningomyelocele in the 
thoracic and lumbar regions. 8, Spina bifida with myeloschisis in the lumbar region (see also Figs. 18~12D and 
18-17}. Note the nerve involvement affecting the lower limbs. (Courtesy of Dr. Dwight Parkinson, Children’s 


Centre, Winnipeg, Canada.) 


by skin or by a thin, easily ruptured mem- 
brane. Spina bifida cystica occurs about 
once in every 1000 births. 
Meningomyelocele is a more common and 
avery much more severe malformation than 
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Figure 18-16 Photographs of infants with meningomyeloceles. A, In the sacral region. Note the prolapsed 
rectum. B, In the sacrococcygeal region. Note the good covering of skin over this neural tube defect. (Courtesy 
of Dr. Dwight Parkinson, Children’s Centre, Winnipeg, Canada.) 


meningocele. Meningoceles and meningo- 
myeloceles may occur anywhere along the 
spinal axis, but they are most common in the 
lumbar region. Some cases of meningomye- 
locele are associated with craniolacunia, or 
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defective development of the calvaria, which 
results in depressed nonossified areas on the 
inner surfaces of the bones of the calvaria. 

Spina bifida cystica shows considerable 
geographical variation in incidence; in the 
British Isles, for example, the incidence 
varies from 4.2 per 1000 newborn infants in 
South Wales to t.5 per 1000 in southeastern 
England (Laurence and Weeks, 1971). 

The most severe type of spina bifida cysti- 
ca is called spina bifida with myeloschisis 
(Figs. 18-12D, 18-17, and 18-19). In these 
cases, the neural plate is open because the 
neural folds failed to meet and fuse. As a re- 
sult, the spinal cord in the area concerned Is 
represented by a flattened mass ofnervous Lis- 
sue, Extensive myeloschisis associated with 
rachischisis, as shown in Figure 18-19, is 
rare. It is much more usual for a short part of 
the neural tube to fail to form (Figs. 18-12D 
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Figure 18-17 Photograph of an intant with spina 
bifida with myeloschisis in the lumbar region. The 
neural plate is surrounded by a delicate semitrans- 
parent membrane. The arrow indicates the open 
neural tube. The central canal of the spinal cord 
opens into the sac. Note the tufts of hair on the 
surrounding skin. (From Laurence, K. M.,and Weeks, 
R.: Abnormatities of the central nervous system; in A. 
P. Norman [Ed.]: Congenitaf Abnormalities in {n- 
fancy. 2nd ed. 1971. Courtesy of Blackwell Scientific 
Publications.) , 








and 18-17). As the spinal cord is examined 
longitudinally, it can be observed to spread 
out and to enter a cystic dilation of the 
subarachnoid space, across which the roots 
of the spinal nerves pass. In these cases, the 
central canal of the spinal cord opens into the 
cystic dilation of the subarachnoid space. 

There is suggestive evidence that myelos- 
chisis and the resulting spina bifida are 
caused by local overgrowth of the neural 
plate (Fig. 18-18). Infants with severe forms 
of myeloschisis, as illustrated in Figure 1t8—- 
19, have no chance of survival. 

Spina bifida cystica shows varying degrees 
of neurological deficit, depending on the 
position and extent of the lesion. There 1s 
usually a corresponding dermatome loss of 
sensation, along with complete or partial 
skeletal muscle paralysis (Fig. 18-158). The 
level of the lesion determines the area of 
anesthesia {area of skin without sensation) 
and the muscles affected. Sphincter paraly- 
sis (bladder and/or anal sphincters) is com- 
mon with lumbosacral meningomyeloceles 
(Fig. 18-16A), There is almost invariably a 
saddle anesthesia when the sphincters are 
involved, that is, loss of sensation in the 
region that impinges on the saddle during 
riding, corresponding roughly to the area of 
the buttocks, perineum, and inner aspects of 
the thighs. 


Diastematomyelia is associated with spina 
bifida in rare cases. The spinal cord is split into 
halves by a bony spicule or a fibrous band. Each 
half of the spinal cord is surrounded by a dural 
sac. Diagnosis of the condition is based on radio- 
graphs of the vertebral column and on myelo- 
grams. The spicule of bone or fibrous band can be 
removed surgically, and the prognosis is good if 
the operation is performed early (Perret, 1960). 

Spina bifida cystica and/or anencephaly 
(Fig. 18-19) is strongly suspected in utero 
when there is a high level of alpha fetopro- 
tein in the amniotic fluid. Alpha fetoprotein 
may also be elevated in the maternal blood 
serum in these cases, and methods are being 
developed that will allow screening of all 
pregnant women for elevated serum alpha 
fetoprotein levels (Thompson and Thomp- 
son, 1980). An amniocentesis would be per- 
formed on pregnant women with high levels 
of alpha fetoprotein, if the patient approved, 
for the determination of the alpha fetoprotein 
level in the amniotic fluid. An ultrasound 
scan would also be requested to try to con- 
firm the presence of a neural tube defect. The 
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Figure 18-18 A, Photograph of a human embryo of about 28 days. The arrow indicates the site of the neural 
tube defect resulting from failure of closure of the caudal neuropore. Normally the caudal neuropore closes on 
day 27.8, Photomicrograph of a transverse section through the defect. The arrow indicates an abnormal fold of 
neural tlssue extending over the left side of the embryo. It appears that this overgrown neural fold has 


prevented closure of the neural tube. (From Lemire, R. J., Shepard, T. H., and Alvord, E. J., Jr: Anat. Rec, 152:9, 
1965.) 





Figure 18-19 Photographs of an infant with acrania (absence of the cranial vault), anencephaly (absence of 
the forebrain), rachischisis (failure of fusion of several vertebral arches), and spina bifida with myeloschisis 
(failure of closure of the neural folds). These infants are usually born dead {stillborn} or die shortly after birth. 
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fetal vertebral column can be detected by 
ultrasound at 10 to 12 weeks’ gestation, and, 
if present, a spina bifida cystica, such as 
meningocele or meningomyelocele, is some- 
times visible as a cystic mass adjacent to the 
affected area of the vertebral column (Page 
et al., 1981). 


THE BRAIN 


The neural tube cranial to the fourth pair 
of somites develops into the brain (Gr. en- 
kephalos, brain). The adult brain is described 
as consisting of a number of regions; the 
relation of these divisions to each other will 
be better understood after development of 
the brain has been considered. 

Fusion of the neural folds in the cranial 
region and closure of the rostral neuropore 
result in the formation of three primary brain 
vesicles (Fig. 18-20), from which the brain 
develops. 

The Brain Vesicles (Figs. 18-3 and 18- 
20). During the fourth week three primary 
brain vesicles form: the forebrain, or 
prosencephalon, the midbrain, or mesen- 
cephalon, and the hindbrain, or rhomben- 
cephalon (Figs. 18-3A and 18-20). During 
the fifth week, the forebrain partly divides 
into two vesicles, the telencephalon and the 
diencephalon, and the hindbrain partly di- 
vides into the metencephalon and the mye- 
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Figure 18-20 Diagrammatic sketches of the brain vesicles, indicating the adult derivatives of their walls and 
cavities. *The anterior part of the third ventricle forms from the cavity of the telencephalon; most of the third 
ventricle is derived from the cavity of the diencephalon. 
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lencephaton. AS a result, there are five sec- 
ondary brain vesicles (Fig. 18-20B). 

The Brain Flexures (Figs. 18-3 and 18- 
21). During the fourth week, the brain 
grows rapidly and bends, or flexes, ventrally 
with the head fold (see Chapter 5). This 
produces the midbrain flexure in the mid- 
brain region and the cervical flexure at the 
junction of the hindbrain and the spinal cord. 
Later, between these flexures, unequal 
growth tn the hindbrain produces the pontine 
flexure in the opposite direction (Figs. 18-3C 
and 18-214). This flexure results in thinning 
of the roof of the hindbrain (Fig. 18-21D). 

Initially , the developing brain has the same 
basic structure as the developing spinal cord; 
however, the brain fiexures produce con- 
siderable variation in the outline of trans- 
verse sections at different levels of the brain 
and in the position of the gray and white 
matter. The suicus limitans extends cranially 
to the junction between the midbrain and the 
forebrain, and the alar and basal plates are 
recognizable only in the midbrain and the 
hindbrain. 


THE HINDBRAIN 
(RHOMBENCEPHALON) 


The cervical flexure demarcates the hind- 
brain vesicle from the developing spinal cord 
(Figs. 18-34 and 18-21A). Later, this junc- 
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Figure 18-21 A, Sketch of the developing brein at the end of the fifth week, showing the three primary 
divisions of the breln and the brain flexures. B, Transverse section through the caudal part of the 
myelencephalon {developing closed part of the medulla). C and D, Similar sections through the rostral part of 
the myelencephalon (developing “open” part of the medulla), showing the position and successive stages of 
differentiation of the eler end basel plates. The errows in C show the pathway taken by neuroblests from the 


aler plates ta form the olivery nuclei, 


superior rootlet of the first cervical nerve, 
roughly at the foramen magnum. The pontine 
flexure appears tn the hindbrain vesicle in the 
future pontine region. The pontine flexure 
divides the hindbrain into caudal (myelen- 
Cephalon) and rostral (metencehpalon) parts. 
The myelencephalon becomes the medulla 
(oblongata), and the metencephalon gives 
rise to the pons and cerebellum, The cavity 
of the hindbrain becomes the fourth ventricle 
and the central canal of the caudal part of the 
medulla. 

The Myelencephatlon (Fig. 18-21). The 
caudal part of the myelencephalon (closed 
portion of medulla) resembles the spinal cord 
both developmentally and structurally. The 
lumen of the neural tube becomes a small 
central canal. Unlike those of the spinal 
cord, neuroblasts from the alar plates mi- 
grate into the marginal zone and form isolat- 
ed areas of gray matter, the gracile nucleus 
medially and the cuneate nucleus laterally. 
These nuclei are associated with correspond- 


ingly named tracts that enter the medulla 
from the spinal cord. The ventral area of the 
medulla contains a pair of fiber bundles, 
called the pyramids, consisting of cortico- 
spinal fibers descending from the developing 
cerebral cortex. 

The rostral part of the myelencephalon 
(‘open’’ portion of medulla) is wide and 
rather flat, especially opposite the pontine 
flexure (Fig. 18-21C and D). The pontine 
flexure causes the lateral walls of the medulla 
to move outward like the pages of an opening 
book. It also causes the roof plate to become 
Stretched and greatly thinned. In addition, 
the cavity of this part of the myelencephalon 
(part of future fourth ventricle) becomes 
somewhat rhomboidal? or diamond-shaped. 
The walls of the medulla move laterally, and 
the alar plates come to lie lateral to, rather 
than dorsal to, the basal‘plates. As the posi- 
tions of the plates change, the motor nuclei 
generally develop medial to sensory nuclei 
(Fig. 18-21C), 
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Neuroblasts in the basal plates of the medulla, 
like those of the spinal cord, develop into motor 
nuclei and organize into three cell columns, or 
nuclei, on each side (Fig. 18-21D). From medial 
to lateral, they are (1) general somatic efferent, 
represented by neurons of the hypoglossal nerve; 
(2) special visceral (branchial) efferent, represent- 
ed by the neurons innervating muscles derived 
from the branchial arches {see Chapter 10); and 
(3) general visceral efferent, represented by some 
neurons of the vagus and glossopharyngeal 
nerves. 

Neuroblasts of the alar plates form four col- 
umns, or nuclei, on each side. From medial to 
lateral, they are (1) general visceral afferent, 
receiving impulses from the viscera; (2) special 
visceral afferent, receiving taste fibers; (3) gener- 
al somatic afferent, receiving impulses from the 
surface of the head; and (4) special somatic af- 
ferent, receiving impulses from the ear. Some 
neuroblasts from the alar plates migraie ventrally 
and form the olivary nuclei (Fig. 18-21C and D). 

The Metencephalon (Fig. 18-22). The 
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walls of the metencephalon form the pons 
and the cerebellum, and its cavity forms the 
superior part of the fourth ventricle. As in 
the rostral part of the myelencephalon, the 
pontine flexure causes divergence of the lat- 
eral walls of the pons and spreads the gray 
matter in the floor of the fourth ventricle. As 
in the myelencephalon, neuroblasts in each 
basal plate develop into motor nuclei and 
organize into three columns, or nuclei, on 
each side. 

The cerebellum develops from symmetri- 
cal thickenings of dorsal parts of the alar 
plates. Initially, the cerebellar swellings pro- 
ject as small bulges into the fourth ventricle 
(Fig. 18-228). As the cerebellar swellings 
enlarge and fuse in the midline, they soon 
overgrow the rostral half of the fourth ventri- 
cle and overlap the pons and medulla (Fig. 
18-22D). Some neuroblasts in the interme- 
diate (mantle) zone of the alar plates migrate 
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Figure 18-22 A, Sketch of the developing brain at the end of the fifth week. 8, Transverse section through 
the metencephalon (developing pons and cerebellum), showing the derivatives of the alar and basal plates. C 
and D, Sagittal sections of the hindbrain at about 6 and 17 weeks, respectively, showing successive stages of 
development of the pons and cerebellum. 
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to the marginal zone and form the cerebellar 
cortex; other neuroblasts from these plates 
give rise to the central nuclei, the largest of 
which is the dentate nucleus. Cells from the 
alar plates also give rise to the pontine nu- 
clei, the cochlear and vestibular nuclei, and 
the sensory nuclei of the trigeminal nerve. 


Divisions of the Cerebellum (Fig. 18-22C 
and D). The structure of the human cerebellum 
reflects its phylogenetic development. The archi- 
cerebellum (flocculonodular lobe), the oldest part 
phylogenetically, has many connections with the 
vestibular apparatus. The paleocerebellum 
(vermis and anterior lobe) is of more recent devel- 
opment and is associated with sensory data from 
the limbs. The neocerebellum (posterior lobe}, the 
newest part phylogenetically, is concerned with 
selective control of limb movement. 

Nerve fibers connecting the cerebral and 
cerebellar cortices with the spinal cord pass 
through the marginal layer of the ventral 
region of the metencephalon. This region of 
the brain stem is called the pons (L., a 
bridge) because of the robust band of nerve 
fibers that crosses the median plane and 
forms a bulky ridge on its anterior and lateral 
aspects, 

Choroid Plexuses and Cerebrospinal 
Fluid (Figs. 18-21, 18-22, and 18- 
26). The thin ependymal roof of the fourth 
ventricle is covered externally by vascular 
pia mater, derived from mesenchyme asso- 
ciated with the hindbrain. This vascular pia 
mater, together with the ependymal roof, 
forms the tela choroidea. Because of active 
proliferation of the vascular pia mater, the 
tela choroidea invaginates into the fourth 
ventricle and differentiates into the tufted 
choroid plexus. Similar plexuses develop in 
the roof of the third ventricle and in the 
medial walls of the lateral ventricles. Four 
choroid plexuses are formed; these are re- 
sponsible for the secretion of ventricular 
flutd that becomes cerebrospinal fluid when 
additions are made to it from the surfaces of 
the brain and spinal cord, and from the 
pia-arachnoid layer of the meninges. 

During the mid-fetal period, the thin roof 
of the fourth ventricle bulges outward in 
three locations and ruptures to form fora- 
mina. The median and lateral apertures (fora- 
men of Magendie and foramina of Luschka, 
respectively) permit the ventricular fluid to 
enter the subarachnoid space from the 
fourth ventricle. 

The main site of absorption of cerebro- 
spinal fluid into the venous system is through 


the arachnoid villi, which are protrusions of 
the arachnoid that extend into the dural 
venous sinuses. These villi consist of a thin 
celiular layer derived from the epithelium of 
the arachnoid and the endothelium of the 
sinus. 


THE MIDBRAIN (MESENCEPHALON) 


The midbrain undergoes less change than 
any other part of the developing brain, ex- 
cept the most caudal part of the hindbrain. 
The neural canal narrows to form the cere- 
bral aqueduct (Fig. 18-22D), a canal that 
joins the third and fourth ventricles. 

Neuroblasts migrate from the alar plates 
into the roof, or tectum, and aggregate to 
form four large groups of neurons, the paired 
superior and inferior colliculi (concerned 
with visual and auditory reflexes, respec- 
tively). 

Neuroblasts from the basal plates give rise 
to groups of neurons in the tegmentum (red 
nuclei, nuclet of the third and fourth cranial 
nerves, and the reticular nuclei), Fibers 
growing from the cerebrum form the cerebral 
peduncles anteriorly. 

The substantia nigra (black nucleus), a 
broad layer of gray matter adjacent to the 
cerebral peduncle, is also believed to dif- 
ferentiate from the basal plate. The cerebral 
peduncles become progressively more prom- 
inent as more descending fiber groups (cor- 
ticopontine, corticobulbar, and corttcospi- 
nal) pass through the developtng midbrain on 
their way to the brain stem and the spinal 
cord (Fig. 18-23 £). 


THE FOREBRAIN 
(PROSENCEPHALON) 


Before closure of the rostral neuropore, 
two lateral outgrowths, or diverticula, called 
optic vesicles (Fig. 18-3A) appear, one on 
each side of the forebrain. The optic vesicles 
are. the primordia of the retinae and optic 
nerves (see Chapter 19). A second pair of 
diverticula soon arise more dorsally and ros- 
trally; these are called the telencephalic vesi- 
cles (Fig. 18-23C). They are the primordia of 
the cerebral hemispheres, and their cavities 
become the /ateral ventricles. 

The anterior part of the forebrain, includ- 
ing the primordia of the cerebral hemi- 
spheres, is known as the telencephalon, and 
the posterior part of the forebrain is called 
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Figure 18-23 A, Sketch of the developing brain at the end of the fifth week. 8, Transverse sectlon through 
the mesencephalon (developing midbrain), showing early migrations of cells from the basal and alar plates. C, 
Sketch of the developing brain at about 11 weeks. D and £, Transverse sections of the developing midbrain at 
the level of the inferior and superior colliculi, respectively. 


the diencephalon. The cavities of the telen- 
cephalon and diencephalon both contribute 
to the formation of the third ventricle, al- 
though the cavity of the diencephalon con- 
tributes more. 

The Diencephalon (Fig. 18-24). Three 
swellings develop in the lateral walls of the 
third ventricle; these later become the epi- 
thalamus, the thalamus, and the hypothala- 
mus. The thalamus is separated from the 
epithalamus by the epithalamic sulcus and 
from the hypothalamus by the hypothalamic 
sulcus. The hypothalamic suicus is not a 
continuation of the sulcus limitans into the 
forebrain and does not, like the suicus lim1- 
tans, divide sensory and motor areas. 

The thalamus on each side develops rapid- 


ly and bulges into the cavity of the third 
ventricle, reducing it to a narrow cleft. The 
thalami meet in about 80 per cent of brains 
and fuse in the midline, forming a bridge of 
gray matter across the third ventricle called 
the massa intermedia, or interthalamic adhe- 
sion. 

The hypothalamus arises by proliferation 
of neuroblasts in the intermediate zone of the 
diencephalic walis ventral to the hypothala- 
mic sulci. Later, a number of nuclei con- 
cerned with endocrine activities and homeo- 
stasis develop. A pair of nuclei, the mam- 
millary bodies, form pea-sized swellings on 
the ventral surface of the hypothalamus (Fig. 
18-24C). 

The epithalamus develops from the roof 





THE BRAIN 395 


and dorsal portion of the lateral wall of the 
diencephalon. Initially, the epithalamic 
swellings are large, but they later become 
relatively small. The pineal body develops as 
a midline diverticulum of the caudal part of 
the diencephalic roof (Fig. 18-24C and D). 


Proliferation of cells in its walls soon con- 
verts it into a solid cone-shaped organ. 


The paraphysis sometimes develops as an eva- 
ginatian af the diencephalic roof dorsal to the 
interventricular foramen. This vestigial structure 
may persist postnatally and give rise to colloid 
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Figure 18-24 A, External view of the brain at the end of the fifth week. 8, Similar view at seven weeks. C, 
Median sagittal section of this brain, showing the medial surface of the forebrain and midbrain. D, Similar 
section at eight weeks, E, Transverse section through the diencephaton, showing the epithalamus dorsally, the 
thaiamus laterally, and the hypothalamus ventrally. 
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cysts (Bull and Sutton, 1949) Colloid cysts 
usuaily obstruct the interventricular foramina 
between the lateral and third ventricles, pro- 
ducing hydrocephalus of the lateral ventricles. 


The Pituitary Gland (Hypophysis Cere- 
bri) (Figs. 18~25, 18-26, and Table 18~ 
1). This gland develops from two different 
sources: an upgrowth from the ectoderm of 
the stomodeum and a downgrowth from the 
neuroectoderm of the diencephalon. This 
double origin explains why the pituitary 
gland is composed of two completely dif- 
ferent types of tissue. The adenohypophysis 
(glandular portion) arises from the oral ec- 
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toderm, and the neurohypophysis (nervous 
portion} originates from the neuroectoderm. 

During developmental stage 11 (about 24 
days), a diverticulum called Rathke’s pouch 
artses from the roof of the stomodeum (prim- 
itive mouth cavity) and grows toward the 
brain (Fig. 18-25A and B). By the fifth week, 
this pouch has elongated and become con- 
stricted at its attachment to the oral epitheli- 
um, giving it a nipple-like appearance (Fig. 
18-25C). By this stage, it has come into 
contact with the infundibulum, a ventral 
downgrowth, or diverticulum, of the dien- 
cephalon (Figs, 18-24 to 18-26). 


infundibulum of diencephalon 


(downgrowth from floor of forebrain} 


neurohypophyseal bud infundibulum 










Rathke’s 
pouch 


B. = 


oral ectaderm 


median eminence 











pars intermedia pate infundibular 
luberalis 
stem 
anterior 
labe eo ole 
distalis inter- 
ae media 
obe 
| | ¢ pars 
ea see developing~ 20 nervosa 
: ba sphenoid ary (posterior lobe) 


bone 





colloid- 
containing 


vesicles 


pouch 





pharyngeal roof 


intracranial, intraosseus, & pharyngeal 
accessory anterior lobe tissue 


Figure 18-25 Diagrammatic sketches illustrating development of the pituitary gland (hypophysis). A, 
Sagittal section of the cranial end of an embryo during developmental stage 11 (about 24 days), showing 
Rathke’s pouch as an upgrowth from the stomodeum and the neurohypophyseal bud from the forebrain. 8 to 
D, Successive stages of the developing pituitary gland. By eight weeks, Rathke's pouch !oses its connection 
with the oral cavity and is in close contact with the infundibulum, the primordium of the stalk and the posterior 
lobe of the pituitary (neurohypophysis). E and F, Later stages, showing proliferation of the anterior wali of 
Rathke's pouch forming the anterior lobe of the pituitary (adenchypophysis). 
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Figure 18-26 Photomicrogreph of e transverse section through the diencephalon and the cerebrei vesicles 
of a 20-mm humen embryo during developmental stage 20 (about 50 days) at the level of the interventriculer 
foramine (x 20). This section is through the plane indicated in Figure 18-284. The choroid fissure Is located at 
the junction of the choroid plexus and the medial wali of the laterel ventricle. 


Adenohypophysis. The parts of the pitu- developing presphenoid and basisphenoid 
itary gland that develop from the ectoderm bones of the skull (Fig. 18-25£). During the 
of the stomodeum (pars anterior, pars inter- sixth week, the connection of Rathke’s 
media, and pars tuberalis; Table 18-1} are pouch with the oral cavity disappears (Fig. 
often referred to as the adenohypophysis. 18—-25D and £). A remnant of this stalk may 

The stalk of Rathke’s pouch passes be- _ persist and give rise to a pharyngeal hy- 
(ween the chondrification centers of the pophysis in the pharyngeal roof (Fig. 18— 


TABLE 18-1 DERIVATION AND TERMINOLOGY OF THE PITUITARY GLAND 
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25F). Very rarely, accessory masses of an- 
terior lobe tissue may occur outside the 
capsule of the gland but within the sella 
turcica of the sphenoid bone, or in the sub- 
stance of this bone. 


A remnant of the site of the stalk of Rathke’s 
pouch, called the basipharyngeal canal, is visible 
in sections of the newborn sphenoid bone in about 
1 per cent of cases. it can also be identified in a 
small number of skull radiographs of newborn 
infants (usually those with skull abnormalities). 
Occasionally, craniopharyngiomas devetop in the 
pharynx or in the basisphenoid, but most often 
they form in and/or above the sella turcica. 

During subsequent development, cells of 
the anterior wall of Rathke’s pouch prolifer- 
ate actively and give rise to the pars distalis 
of the pituitary gland. Later, a small exten- 
sion, the pars tuberalis, grows around the 
infundibular stem. The extensive prolifera- 
tion of the anterior wall of Rathke’s pouch 
reduces the lumen to a narrow residual cleft 
(Fig. 18-25}; it is usually not recognizable 
in the adult gland and is represented by a 
zone of cysts. In humans, cells of the posteri- 
or wall of Rathke’s pouch do not proliferate, 
they give rise to the thin, poorly defined pars 
intermedia, which becomes an inconspicu- 
ous, discontinuous layer (Fig. 18-25F). 
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Neurohypophysis. The part of the pitu- 
itary gland that develops from neuroecto- 
derm (infundibulum) is often referred to as 
the neurohypophysis. The infundibulum 
gives rise to the median eminence, the tn- 
fundibular stem, and the pars nervosa (Fig. 
i8-—25F). Initially, the walls of the infundib- 
ulum are thin, like the floor plate of the 
diencephalon, but the distal end of the in- 
fundibulum soon becomes solid as the neuro- 
epithelial cells proliferate. These cells later 
differentiate into pituicytes resembling 
neuroglial ceils. Nerve fibers grow into the 
pars nervosa from the hypothalamic area, to 
which the infundibular stem 1s attached. 

The Telencephalon (Figs. 18-27 to 18~ 
30). The telencephalon consists of a me- 
dian part and two lateral diverticula, the 
cerebral vesicles, which are the primordia of 
the cerebral hemispheres (Figs. 18-20, 18- 
24B, and [8-25A). The cavity of the median 
portion forms the extreme anterior part of 
the third ventricle. At first, the cerebral 
vesicles are in wide communication with the 
cavity of the third ventricle through the 
interventricular foramina (Fig. 18-26). 

Along a line known as the choroid fissure 
(Fig. 18-29A)}, part of the medial wall of the 
developing cerebral hemisphere becomes 
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Figure 18-27 A, Sketch of the dorsal surtace of the forebrain, indicating how the ependymal roof of the 
diencephalon is carried out to the dorsomedial surface of the cerebral hemispheres. 8, Diagrammatic section 
of the forebrain, showing how the developing cerebrat hemispheres grow from the lateral walls of the forebrain 
and expand in all directions unlil they cover the diencephalon. The arrows indicate some directions in which 
the hemisphere expands. The rostral wall of the forebrain, the Jamina terminalis, is very thin. C, Sketch of the 
forebrain, as viewed anteriorly, showing how the ependymal roof is finally carried down into the temporal lobes 
as a result of the C-shaped growth paltern of the cerebral hemispheres. 
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Figure 18-28 A, Drawing of medial surface of the forebrain of a 10-week embryo, showing the diencephalle 
derlvatives, the main commissures, and the expanding cerebral vesicles (hemispheres). 8, Transverse section 
through the forebrain at the level of the interventricular foramen showing the corpus striatum and the choroid 
plexus of the lateral ventricles. C, Similar section at about 11 weeks, showing division of the corpus striatum 
into caudate and lentiform nuclei by the internal capsule. The developing relationship of the cerebral 


hemispheres to the diencephalon is also illustrated. 


very thin. Initially, this thin ependymal por- 
tion lies in the roof of the hemisphere and is 
continuous with the ependymal roof of the 
third ventricle (Fig. 18~-27A). The choroid 
plexus of the lateral ventricle later forms at 
this site (Figs. 18-26 and 18-28). As the 
hemispheres expand, somewhat like inflating 
balloons, they cover successively the dien- 
cephalon, the midbrain, and the hindbrain. 
The hemispheres eventually meet each other 
in the midline, flattening their mediai sur- 
faces. The mesenchyme trapped in the longi- 
tudinal fissure between them gives rise to the 
falx cerebri. 

The corpus striatum appears during the 
sixth week as a prominent sweiling in the 
floor of each cerebral hemisphere (Figs. 
18-26 and 18-288}. The floor of the hemi- 


sphere expands more slowly than the thin 
cortical wall because it contains the rather 
large corpus striatum. Consequently, the ce- 
rebral hemispheres assume a C-shape (Fig. 
18-29). The growth and curvature of the 
hemispheres also affect the shape of the 
lateral ventricles within them, forming an- 
terior and inferior horns to their bodies, The 
caudal end of the hemisphere turns down- 
ward and then forward, forming the temporal 
lobe. In so doing, it carries the ventricle 
(forming the inferior horn) and the choroid 
fissure with it (Fig. 18-29). Here, the thin 
medial wall of the hemisphere is invaginated 
along the choroid fissure by vascular pia 
mater to form the choroid plexus of the 
inferior horn (Figs. 18-26 and 18-288). 

As the cerebral cortex differentiates, 
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Figure 18-29 Schematic diagrams of the medial 
surface of the developing right cerebral hemisphere, 
showing development of the lateral ventricle, the 
choroid fissure, and the corpus striatum. A, 13 
weeks, 8, 21 weeks. C, 32 weeks, 
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fibers passing to and from it pass through the 
corpus striatum and divide it into caudate 
and lentiform nuclei. This fiber pathway, 
called the internal capsule (Fig. 18-28C), 
bcomes C-shaped as the hemisphere as- 
sumes this form. The caudate nucleus be- 
comes elongated and horseshoe-shaped, 
conforming to the outline of the lateral ven- 
tricle (Fig. 18-29). Its pear-shaped head and 
elongated body lie in the floor of the anterior 
horn and body of the lateral ventricle, 
whereas its tail makes a U-shaped turn to 
gain the roof of the inferior horn. 


Cerebral Commissures (Fig. 18-28). As 
the cortex develops, groups of fibers, or com- 
missures, cOnnect corresponding areas of the 
cerebral hemispheres with one another. The most 
important of these fibers cross in the lamina 
terminalis, the rostral end of the forebrain (Fig. 
18-284). This lamina extends from the roof plate 
of the diencephalon to the optic chiasma and is 
the natural pathway from. one hemisphere to the 
other. 

The first commissures to form, the anterior 
commissure and the hippocampal commissure, 
are small fiber bundles that connect phyloge- 
netically older parts of the brain. The anterior 
commissure connects the olfactory bulb and 
related brain areas of the one hemisphere with 
those of the opposite side. The hippocampal 
commissure connects the hippocampal forma- 
tions. 

The largest commissure is the corpus cal- 
losum (Fig, 18-28A), connecting neocortical 
areas. The corpus callosum initially Hes within 
the lamina terminalis, but fibers are added to it 
as the cortex enlarges, and it gradually extends 
beyond the lamina terminalis. The rest of the 
lamina terminalis lies between the corpus cal- 
losum and the fornix. Jt becomes stretched out 
to form the thin septum pellucidum, By birth, the 
corpus callosum extends over the roof of the 
diencephalon. The optic chiasma develops in the 
ventral part of the lamina terminalis (Fig. 18-28A) 
and consists of fibers from the medial halves of 
the retinae, which cross to join the optic tract of 
the opposite side. 

Differentiation of the Cerebral Cor- 
tex. The walls of the developing cerebral 
hemispheres initially show the three typical 
zones of the neural tube (ventricular, inter- 
mediate, and marginal). Later, a fourth one, 
the subventricular zone, appears. Cells of 
the intermediate zone migrate into the mar- 
ginal zone and give rise to the cortical layers. 
Thus, the gray matter is located peripherally, 
and axons from its cell bodies pass cen- 
trally to form the medullary center. 

Initially, the surfate of the hemispheres is 
smooth (Fig. 18-30A), but as growth pro- 
ceeds, a complex pattern of sulci and gyn 
develops. These permit a considerable in- 
crease in the area of the cerebral cortex 
without requiring an extensive increase in- 
cranial size. As a hemisphere grows, the 
cortex lying over the outer surface of the 
corpus striatum grows relatively slowly and 
is soon Overgrown (Fig. 18~30C). This buried 
cortex, hidden from view in the depths of the 
lateral sulcus (fissure) of the cerebral hemi- 
sphere, is Known as the insula. 
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Figure 18-30 Sketches of lateral views of the left 
cerebral hemisphere, showing successive stages in 
the development of sulci and gyri. Half actual size, 
Note the graduaf narrowing of the lateral sulcus 
(fissure) and burying of the insula. A, 13 weeks. B, 26 
weeks. C, 35 weeks. D, Newborn. At birth, the brain 
weighs about 400 grams. Note that the surface of the 
cerebral hemispheres grows rapidly during the fetal 
period, forming many convolutions (gyri), which are 
separated by many grooves (sulci). 


CONGENITAL MALFORMATIONS OF 
THE BRAIN AND/OR THE MENINGES 


Abnormal development of the brain ts not 
uncommon, owing to the complexity of its 
embryological history. Most major congeni- 
tal malformations of the brain result from 


defective closure of the rostral neuropore 
during the fourth week and involve the over- 
lying tissues (future meninges and calvaria), 
The factors causing the faulty development 
may be primanly either genetic or environ- 
mental in nature. 

Congenital abnormalities of the brain can 
result from alterations in the morphogenesis 
or the histogenesis of the nervous tissue, or 
they can result from developmental] failures 
occurring in associated structures (noto- 
chord, somites, mesenchyme, and _ skull). 
Faulty development or histogenesis of the 
cerebral cortex can result in vanious types of 
congenital mental retardation. Prenatal fac- 
tors are known to be involved in the develop- 
ment of cerebral paisy, but it is most often 
due to a normal fetus being damaged at birth 
(Warkany, 1971). 

Defects in the formation of the cranium 
(craniuin bifiduin) are often associated with 
congenital malformations of the brain and/or 
meninges. Such defects of the cranium are 
usually in the median plane and usually in the 
cranial vault. The defect is often in the 
squamous part of the occipital bone and may 
include the posterior lip of the foramen mag- 
num, 

When the defect tn the cranium is small, 
usually only the meninges herniate, and the 
malformation is called a meningocele (Fig. 
18-318). When the cranial defect is large, 
the meninges and part of the brain (Gr. 
enkephalos) herniate, forming a meningo- 
encephalocele (Fig. 18-31C). If the pro- 
truding part of the brain contains part of 
the ventricular system, the malformation is 
called a meningohydroencephalocele (Figs. 
18-31D and 18-32). The part of the brain 
in the sac is dependent on the location of 
the cranial defect. Cranium bifidum asso- 
ciated with herniation of the brain and/or 
its meninges occurs about once in every 
2000 births. 

Exencephaly and Anencephaly (Fig. 
18-19). These severe malformations of the 
brain result from failure of the rostral neuro- 
pore to close properly during the fourth 
week. As a result, the forebrain primordium 
is abnormal, and development of the cal varia 
is defective. Most of the embryo’s brain is 
exposed or extruding from the skull, a condi- 
tion known as exencephaly. Exencephalus 1s 
occasionally observed in aborted human em- 
bryos, but not at birth. 

Owing to the abnormal structure and vas- 
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Figure 18-31 Schematic drawings illustrating cranium bifidum and the various types of herniation of the 
brain and/or cranial meninges associated with it. A, Sketch of the head of a newborn infant with a large 
protrusion from the occipital region of the skull, similar to that shown in Figure 18-32. The upper red cir- 
cie indicates a cranial defect at the posterior fontanelle, and the ‘ower red circfe indicates a cranial defect at the 
foramen magnum. 8, Meningocele consisting of a protrusion of the cranial meninges that is filled with 
cerebrospinal fluid. C, Meningoencephalocele consisting of a protrusion of part of the cerebellum that is 
covered by cranial meninges and skin. D, Meningohydroencephalocefle consisting of a protrusion of part of the 
occipital Jobe that contains part of the posterior horn of a lateral ventricle. 





Figure 18-32 Photographs of infants with large meningoencephaloceles. A, Occipital area. B, Occipital and 
Parietal areas. The infant shown in 8 also has microcephaly (small cranium). (Courtesy of Dr. Dwight 
Parkinson, Children’s Centre, Winnipeg, Canada.) 
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cularization of the embryonic exencephalic 
brain, the nervous tissue undergoes degener- 
ation until most of it is replaced in fetuses by 
a spongy, vascular mass consisting mostly of 
hindbrain structures. Although this condition 
is called anencephaly (Gr. an, without + 
enkephalos, brain), a rudimentary brain stem 
and traces of the basal ganglia are usually 
present. 

Anencephaly is a common malformation, 
occurring about once in every 1000 births, 
and it is about four times more common in 
females than in males. It is always associated 
with acrania and may be associated with 
rachischisis (Fig. 18-19) when defective 
neural tube closure is extensive. 

Anencephaly accounts for about one half 
of the severe neural tube defects in Great 
Britain, and it is the most common Serious 
malformation seen in_ stillborn fetuses 
(Laurence and Weeks, 1971). Sustained ex- 
trauterine life is impossible in infants born 
with anencephaly. Infants afflicted with this 
defect survive for a few hours after birth, at 
most. 

Anencephaly or another type of neural 
tube defect is suspected in utero when there 
is an elevated level of alpha fetoprotein in 
the amniotic fluid. Anencephaly can be easi- 
ly diagnosed by ultrasonography, fetoscopy, 
and radiography because extensive parts of 
the brain and skull are absent. Anencephaly 
has been detected as early as 14 weeks in 
utero (Page et al., 1981). Usually, a thera- 
peutic abortion is performed, if the mother 
requests it, when continuation of the preg- 
nancy will result in the birth of a child with 
severe malformations, such as anencephaly, 
that are incompatible with life after birth. 

Exencephaly and anencephaly can be 
readily induced experimentally in rats by 
various teratogenic agents (Giroud, 1960). 
Studies of exencephalic human abortuses 
suggest that the process is similar in hu- 
mans. Genetic factors are certainly in- 
volved because of the well-established famil- 
lal incidence of anencephaly. Anencephaly 
has a multifactorial inheritance (see Chapter 
8). An excess of amniotic fluid (polyhydram- 
nios) is often associated with anencephaly, 
possibly because the fetus lacks the neural 
control for swallowing amniotic fluid. Thus, 
it does not pass into the intestines for absorp- 
tion and subsequent transfer to the placenta 
for disposal. 

For a mother who has had one anen- 














Figure 18-33 Photograph of an infant with micro- 
cephaly, showing the typical normal-sized face and 
small cranial vault covered with loose, wrinkled skin. 
(From Laurence, K. M., and Weeks, R.: Adnormalitles 
of the central nervous system; /n A. P. Norman [Ed.]: 
Congenital Abnormalities in Infancy. 2nd ed, 1971. 
Courtesy of Blackwell Scientific Publications.) 


cephalic infant, the recurrence risk of one of 
the neural tube defects (anencephaly or spina 
bifida cystica) is about 10 per cent for each 
subsequent pregnancy. 

Microcephaly (Fig. 18-33). In this un- 
common condition, the calvaria is small, but 
the face is normal-sized. Generally, these 
infants are grossly mentally retarded because 
the brain is small and underdeveloped, a 
condition known as microencephaly. The 
cause of this condition is often uncertain; 
some cases appear to be genetic in origin, 
and others seem to be associated with en- 
vironmental factors. Exposure to large 
amounts of ionizing radiation during the em- 
bryonic period and to infectious agents dur- 
ing the fetal period are possible contributing 
factors (see Chapter 8). Microcephaly can be 
detected in utero by ultrasound. Successive 
ultrasound scans catried out over the period 
of gestation are helpful in assessing the rate 
of growth of the fetal cranium (Page et al., 
198 1). 

Microcephaiy (Gr. mikros small + 
kephale, head) results from microencephaly 
(Gr. mikros, small + enkephalos, brain) be- 
cause growth of the calvaria, or cranial 
vaulf, is largely due to pressure from the 
growing brain. Microencephaly also results 
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in a thick cranial vault with few or no con- 
volutional markings of the brain on its inner 
surface. 

A small head may result from premature 
synostosis (osseous union) of all the cranial 
sutures (see Chapter 15), but the cranial 
vault will be thin with exaggerated convolu- 
tional markings. Premature synostosis of all 
cranial sutures occurs rarely. Premature 
synostosis of one suture produces an abnor- 
mality in the shape of the skull (see Figs. 
15-1] and 15—1]2). 

Hydranencephaly. In this extremely 
rare malformation, the cerebral hemispheres 
are partially or completely absent. Only the 
basal nuclei and remnants of the midbrain 
are found rostral to the hindbrain. These 
infants generally appear normal at birth, but 
mental development fails to occur after birth. 
The cause of this malformation is uncertain, 
but there is some evidence that it may be 
caused by an early obstruction of blood flow 
to the areas supplied by the internal carotid 
arteries (Laurence and Weeks, 1971). 

Agenesis of the Corpus Callosum. In 
this condition, there is complete or partial 
absence of the corpus cailosum. The con- 
dition may be asymptomatic, but seizures 
and mental deficiency are common. In 
two sisters with agenesis of the corpus callo- 
sum, the only symptoms were seizures: re- 
current in one, but only occasional and 
minor in the other. Their [.Q.’s were aver- 
age. The cause of this malformation is un- 
known; there is no evidence that it is inherit- 
ed (Shager et al., 1957). 

Hydrocephalus (Fig. 18-34}. Overpro- 
duction of cerebrospinal fluid (CSF), ob- 
struction of its flow, or interference with its 
absorption results in an excess of CSF, a 
condition known as hydrocephalus (Gr. 
hydér, water + kephale , head). Hydrocepha- 
lus often results from congenital aqueductal 
stenosis, in which the cerebral aqueduct is 
narrow or consists of several minute chan- 
nels. Blockage of CSF circulation results in 
dilation of the ventricles superior to the 
obstruction and in pressure on the cerebral 
hemispheres. This squeezes the brain be- 
tween the ventricular fluid and the bones of 
the cranium. In infants, the internal pressure 
pressure results in expansion of the brain 
and the calvaria because the sutures and 
fontanelles are still open (see Fig. 15-8). 

Hydrocephalus usually refers to internal 
hydrocephalus, in which all or part of the 
ventricular system is enlarged. All ventricles 





Figure 18-34 Photograph ofan infant with hydro- 
cephalus, bilateral cleft lip, and deformed iimbs. 
(Courtesy of Dr, T. V. N. Persaud, Professor of Anato- 
my and Head of the Anatomy Department, University 
of Manitoba, Winnipeg, Canada.) 
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are enlarged if the apertures of the fourth 
ventricle or the subarachnoid spaces are 
blocked, whereas the lateral and third ventri- 
cles are dilated when the cerebral aqueduct 
is obstructed. Although rare, obstruction of 
one interventricular foramen can produce 
dilation of one ventricle. 

Hydrocephalus is often associated with 
spina bifida cystica, although the hydroceph- 
alus may not be obvious at birth. Hydro- 
cephalus often produces thinning of the 
bones of the calvaria, prominence of the 
forehead, atrophy of the cerebral cortex and 
white matter, and compression of the basal 
nuclei and diencephalon. 

Arnold-Chiari or Chiari Malformation. 
A tongue-like projection of the medulla 
and cerebellum herniates into the foramen 
magnum, It occurs about once in every 
]000 births and is frequently associated with 
spina bifida with meningomyelocele, spina 
bifida with myeloschisis, and hydrocephaly. 
Downward displacement of the hindbrain 
obstructs the flow of cerebrospinal fluid 
through the foramina of the fourth ventricle. 
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The cause of the Arnold-Chiari malformation 
is uncertain, but Barry et al. (1957) believe 
that it results primarily from overgrowth of 
the cerebellum and medulla. In some, the 
posterior cranial fossa is abnormally small. 
These abnormalities result in herniation of 
parts of the cerebellum and medulla into the 
vertebral canal in the cervical region. 
Mental Retardation. Congenital impair- 
ment of intelligence may result from various 
genetically determined conditions. It is well 
known that mental retardation may result 
from the action of a single mutant gene, ora 
chromosomal abnormality. Chromosomal 
abnormalities and mental deficiency are dis- 
cussed in Chapter 8. Disorders of protein, 
carbohydrate, or fat metabolism may also 
cause mental retardation. Maternal and fetal 
infections (syphilis, rubella virus, toxoplas- 
mosis, and cytomegalic inclusion disease) 
and cretinism are commonly associated with 
mental retardation (Clayton, 1973). Inade- 
quate mental development throughout the 
postnatal growth period can result from birth 
injuries, cerebral infections, cerebral trau- 
ma, and poisoning. For good discussions of 
mental retardation and its many causes, see 
Warkany (1971) and Vaughan et al. (1979). 


THE PERIPHERAL NERVOUS SYSTEM 


The peripheral nervous system consists of 
the cranial, spinal, and visceral nerves and 
the cranial, spinal, and autonomic ganglia. 
The peripheral nervous system develops 
from various sources, All sensory cells (both 
somatic and visceral) of the peripheral ner- 
vous system are derived from neural crest 


cells. The cell bodies of these sensory cells. 


are located outside the central nervous sys- 
tem. With the exception of the cells in the 
spiral ganglion of the cochlea and in the 
vestibular ganglion of the eighth cranial 
nerve (vestibulocochlear), all the peripheral 
sensory, cells are at first bipolar, but the two 
processes soon unite to form a single process 
and a unipolar type of neuron (Fig. 18—9D). 
This process has peripheral and central 
branches, or processes. The peripheral proc- 
ess terminates in a sensory ending, whereas 
the central process enters the spinal cord or 
brain (Fig. 18-8). The sensory cells of the 
ganglion of cranial nerve VIII (vestibulo- 
cochlear} remain bipolar. 

The cell body of each afferent neuron is 
closely invested by a capsule of satellite cells 
(Fig. 18-8), also derived from neural crest 


cells. This capsule is continuous with the 
neurolemmal sheath of Schwann cells, also 
derived from the neural crest, that surrounds 
the axons of afferent neurons. External to 
the satellite cells ts a layer of connective 
tissue that is continuous with the endoneurial 
Sheath of the nerve fibers. This connective 
tissue and the endoneurial sheath are derived 
from mesenchyme. 

The neural crest cells in the brain region 
migrate to form sensory ganglia only in rela- 
tion to the trigeminal (CN V), the facial (CN 
VH), the vestibulocochlear (CN VIID, the 
glossopharyngeal (CN IX), and the vagus 
(CN X). 

Cells of the neural crest also differentiate 
into multipolar neurons of the autonomic 
ganglia (Fig. 18-8), including ganglia of the 
sympathetic trunks along the sides of the 
vertebral bodies; collateral, or prevertebral, 
ganglia in plexuses of the thorax and abdo- 
men (e.g., the cardiac, celiac, and mesenter- 
ic plexuses); and parasympathetic, or ter- 
minal, ganglia in or near the viscera (e.g., the 
submucosal, or Meissner’s, plexus). Cells of 
the paraganglia, called chromaffin cells, are 
also derived from the neural crest. The term 
paraganglia includes several widely scat- 
tered groups of cells that are similar in many 
ways to medullary cells of the adrenal, or 
suprarenal, glands. The cell groups largely 
lie retroperitoneally, often in association 
with sympathetic ganglia. The carotid and 
aortic bodies also have small islands of chro- 
maffin cells associated with them. These 
widely scattered groups of chromaffin cells 
constitute the chromaffin system. 

Cells of the neural crest also give rise to 
melanoblasts (the precursors of the melano- 
cytes) and to cells of the adrenal medulla 
(see Fig. 13-19). 

The Spinal Nerves (Figs. 18-4, 18-6, 
and 18-8). Motor nerve fibers in the spinal 
cord region begin to appear at the end of the 
fourth week. They arise from cells in the 
basal plates of the developing spinal cord 
and emerge as a continuous series of rootlets 
along its ventrolateral surface. The fibers 
destined for a particular developing muscle 
group become arranged in a bundle, forming 
a ventral nerve root. The myelin sheaths of 
nerve fibers inside the spinal cord are formed 
by oligodendroglia celis, whereas outside 
the spinal cord the myelin sheaths are 
formed by Schwann cells (Figs. 18-8 and 
18-11). 

The dorsal nerve root (sensory) 1s formed 
by axons of neural crest cells that migrate to 
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the dorsolateral aspect of the spinal cord, 
where they become the cells of the spina/ 
ganglion (Figs. 18-4 and 18-7 to 18-9). 
The central processes of neurons in this spi- 
nal ganglion collect into a single bundle that 
grows into the spinal cord, opposite the apex 
of the dorsa/ horn of gray matter (Fig. 18-48 
and C). The distal processes of spinal 
ganglion cells grow towards the ventral 
nerve root (motor) and eventually join with 
it to form a spinal nerve (Figs. 18-4, 18-6, 
and 18-8). 

Immediately after being formed, a mixed 
spinal nerve divides into dorsal and ventral 
primary rami (L., branches). The dorsal 
primary ranius, the smaller division, inner- 
vates the dorsal axial musculature (see Fig. 
16-1), the vertebrae, the posterior inter- 
vertebral joints, and part of the skin of the 
back. The vertral primary ranus, the major 
division of each spinal nerve, contributes to 
the innervation of the limbs and the ventro- 
lateral parts of the body wall. The major 
plexuses (cervical, brachial, and lunibo- 
sacral) are formed by the ventral primary 
rani. 

As each limb bud develops, the nerves of 
the segments opposite to it elongate and 
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grow into its mesenchyme (see Fig. 17-4}, 
and are distributed to its muscles, which 
differentiate from the mesenchyme. The skin 
of the developing limbs is also supplied in a 
segmental manner. Early in development, 
successive ventral primary rami are joined 
by connecting loops of nerve fibers, espe- 
cially those supplying the limbs (e.g., the 
brachial plexus). The dorsal divisions of the 
trunks of these plexuses supply the extensor 
muscles and the extensor surface of the 
limbs, and the ventral divisions of the trunks 
supply the flexor muscles and the flexor 
surface. The dermatonies and the cutaneous 
innervation of the limbs are described in 
Chapter 17. 

The Cranial Nerves (see Figs. 10-6A 
and 18-35). Twelve pairs of cranial nerves 
form during the fifth and sixth weeks of 
development. They are classified into three 
groups, according to their embryological ori- 
gins. 

The Somatic Efferent Cranial Nerves (Fig. 
18+~35). The trochiear (CN IV), abducens 
(CN VI), ftypoglossal (CN XID), and the 
greater part of the oculomotor (CN ID 
nerves are homologous with the ventral roots 
of spinal nerves. The cells of origin of these 
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Figure 18-35 A, Schematic drawing of a 5-week-old embryo, showing the distribution of most of the cranial 
nerves, especially those supplying branchial arches. B, Schematic drawing of an adult, showing the general 


distribution of most of the cranial nerves. 
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nerves are located in the somatic efferent 
column (basal plates) of the brain stem (Fig. 
18-22), and their axons are distributed to the 
muscles derived from the head myotomes 
(preotic and occipital; see Fig. 16-2). 

The hypoglossal nerve (CN XH) resembles 
a spinal nerve more than do the other somat- 
ic efferent cranial nerves (CN III, CN IV, 
and CN VI), so it will be described first. The 
hypoglossal nerve develops by the fusion of 
the ventral root fibers of three or four occipi- 
tal nerves (Fig. 18-35A}. Sensory roots, cor- 
responding to the dorsal roots of spinal 
nerves, are absent. The somatic motor fibers 
originate from the hypoglossal nucleus, con- 
sisting of motor cells resembling those ofthe 
ventral horn of the spinal cord. These fibers 
leave the ventrolateral wall of the medulla in 
several groups, the Aypoglossal nerve roots, 
which converge to form the common trunk of 
CN XII (Fig. 18-358). They grow rostrally 
and eventually innervate the :nuscles of the 
tongue, which are thought to be derived from 
the occipital neyotomes (see Fig. 16-2). With 
the development of the neck, the hypoglossal 
nerve comes to lie at a progressively higher 
level (Fig. 18-358), 

The abducens nerve (CN VI) arises from 
nerve cells in the basal plates of the meten- 
cephalon (Fig. 18-22) and passes from its 
ventral surface to the posterior of the three 
preotic myotomes (Fig. 16-24), from which 
the lateral rectus muscle of the eye is 
thought to originate. 

The trochlear nerve (CN IV) arises from 
nerve cells in the somatic efferent column in 
the posterior part of the midbrain (Fig. 18- 
23). Although a motor nerve, it emerges from 
the brain stem dorsally and then passes ven- 
trally to supply the superior oblique muscle 
of the eye. 

The oculomotor nerve (CN Ul) supplies 
most of the muscles of the eye, 1e., the 
superior, inferior, and medial recti and the 
inferior oblique muscles of the eye, which 
are thought to be derived from the first 
preotic myotomes. 

The Nerves of the Branchial Arches (see 
Figs. 10-6A and 18-35A), Cranial nerves 
V, VIL, IX, and X supply the embryonic 
branchial arches; thus, the structures that 
develop from these arches are innervated by 
these cranial nerves (see Chapter 10}. 

The trigeminal nerve (CN V) is the nerve 
of the first branchial arch (see Figs. 10-64 
and 18-35A), but it has an ophthalmic divi- 
sion that is not a branchial component. CN V 


is chiefly sensory and is the principal sensory 
nerve for the head. Its large ganglion lies 
beside the rostral end of the pons, and its 
cells are derived from the most anterior part 
of the neural crest. The central processes of 
cells in this ganglion form the large sensory 
root of CN V, which enters the lateral por- 
tion of the pons. The peripheral processes of 
cells in this ganglion separate into three large 
divisions (the ophthalmic, the maxillary, and 
the mandibular nerves). Their sensory fibers 
supply the skin of the face (see Figs. 10~-6B 
and 18-35B) as well as the lining of the mouth 
and the nose. The motor fibers of CN V arise 
from cells in the most anterior part of the 
special visceral efferent column in the met- 
encephalon (Fig. 18-22). The motor nucleus 
of CN V lies at the midlevel of the pons. The 
fibers leave the pons at the site of the enter- 
ing sensory fibers and pass to the muscles of 
mastication and to other muscles derived 
from this arch, which develop in the mandib- 
ular prominence of the first branchial arch 
{see Fig, 10-5 and Table 10-1). The mesen- 
cephalic nucleus of CN V (Fig. 18-23 D) 
differentiates from cells in the midbrain that 
extend forward from the metencephalon. 
The facial nerve (CN VII) is the nerve of 
the second branchial arch. Jt consists mostly 
of motor fibers that arise principally from a 
nuclear group in the special visceral efferent 
column in the caudal part of the pons (Fig. 


_. 18-22). These fibers are distributed to the 


muscles of facial expression and to other 
muscles that develop in the mesenchyme of 
the second branchial arch (see Fig. 10-5 and 
Table 10-1). The small general visceral ef- 
ferent component of CN VII terminates in 
the peripheral autonomic ganglia of the head. 
The sensory fibers of CN VII arise from the 
Cells of the geniculate ganglion. The central 
processes of these cells enter the pons, and 
the peripheral processes pass to the greater 
superficial petrosal nerve and, via the chorda 
tympani nerve, to the taste buds in the an- 
terior two thirds of the tongue (see Fig. 10~ 
18). 

The glossopharyngeal nerve (CN LX) is the 
nerve of the third branchial. arch. Its motor 
fibers arise from the special and, to a lesser 
extent, the general visceral efferent columns 
of the anterior part of the myelencephalon 
(Fig. 18-21). CN 1X forms from several root- 
lets that arise from the meduila, just caudal 
to the developing inner ear, or auditory vesi- 
cle. All the fibers from the special vis- 
ceral efferent column are distributed to the 
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stylopharyngeus muscle, which is derived 
from mesenchyme in the third branchial arch 
(see Fig. 10-5 and Table 10-1). Tbe general 
efferent fibers are distributed to the otic 
ganglion, from which postganglionic fibers 
pass to the parotid and posterior lingual 
glands. The sensory fibers of CN IX are 
distributed as general sensory and special 
(taste) visceral afferent fibers to the posterior 
part of the tongue (see Fig. 10~18). 

The vagus nerve (CN X) is formed by 
fusion of the nerves of the fourth, fifth, and 
sixth branchial arches. It has large visceral 
efferent and visceral afferent components 
that are distributed to the heart, to the fore- 
gut and its derivatives, and to a considerable 
part of the midgut (see Chapter 12). 

The nerve of the fourth branchial arch 
becomes the superior laryngeal nerve, which 
supplies the cricothyroid muscle and the 
constrictors of the pharynx derived from 
mesenchyme in this arch. The nerve of the 
sixth branchial arch becomes the inferior 
laryngeal nerve, which supplies various 
laryngeal muscles. The nerve of the fifth 
branchial arch cannot be identified after the 
arch disappears. 

The accessory nerve {CN XI) has two 
separate origins (Fig. 18-35). The cranial 
root (part) is a posterior extension of CN X, 
and the spinal root (part) arises from the 
upper five or six cervical segments of the 
spinal cord. The fibers of the cranial root 
emerge from the lateral surface of the medul- 
la, where they join the vagus nerve and 
supply the muscles of the soft palate and the 
intrinsic muscles of the larynx. The fibers of 
the spinal root supply the sternocleidomas- 
toid and trapezius muscles. 

The Special Sensory Nerves. The olfactory 
nerve (CN I) arises from the olfactory bulb 
(see Chapter 10). The olfactory cells are 
bipolar neurons that differentiate from cells 
in the epithelial lining of the primitive nasai 
sac (see Fig. 10-21). The axons of the olfac- 
tory cells are collected into 18 to 20. bundles, 
around which the cribriform plate of the 
ethmoid bone develops. These unmyelinated 
nerve fibers end in the olfactory bulb. 

The optic nerve (CN ITI) is formed by more 
than one million nerve fibers that grow into 
the brain from neuroblasts in the primitive 
retina (see Fig. 19-2). Because the optic 
nerve develops from the evaginated wall of 
the forebrain, it actually represents a fiber 
tract of the brain. Development of the optic 
nerve is described in more detail in Chapter 
19, 


The vestibulocochlear nerve (CN VIII) 
consists of two kinds of sensory fiber in two 
bundles; these fibers are known as the ves- 
tibular and cochlear nerves. The vestibular 
nerve originates in the semicircular ducts 
{see Fig. 19-15), and the cochlear nerve 
proceeds from the cochlear duct, in which 
the organ of Corti develops. 

The bipolar neurons of the vestibular 
nerve have their cell bodies in the vestibular 
ganglion. The central processes of these 
cells terminate in the vestibular nuclei in the 
floor of the fourth ventricle. The bipolar 
neurons of the cochlear nerve have their cell 
bodies in the spiral ganglion (see Fig. 19- 
15/). The central processes of these cells 
end in the ventral and dorsal cochlear nuclei 
in the medulla. 


THE AUTONOMIC NERVOUS SYSTEM 


Functionally, the autonomic system can 
be divided into sympathetic (thoracolumbar) 
and parasympathetic (craniosacral) parts. 

The Sympathetic Nervous System. 
During the fifth week, neural crest cells 
in the thoracic region migrate along each 
side of the spinal cord, where they form 
paired masses dorsolateral to the aorta (see 
Figs. 13-20 and 18-8). These segmentally 
arranged sympathetic ganglia are connected 
in a bilateral chain by longitudinal nerve 
fibers. These ganglionated cords, called 
sympathetic trunks, are located on each side 
of the vertebral bodies. 

Some neural crest cells migrate ventral to 
the aorta and form neurons in the preaortic 
ganglia, such as the celiac and mesenteric 
ganglia (Fig. 18-8). Other neural crest cells 
migrate to the area of the heart, lungs, and 
gastrointestinal tract, where they form ter- 
minal ganglia in sympathetic organ plexuses, 
located near or even within these organs. 

After the sympathetic trunks have formed, 
axons of sympathetic neurons located in the 
intermediolateral cell column (lateral hom) 
of the thoracolumbar segments of the spinal 
cord pass via the ventral root of a spinal 
nerve and awhite ramus communicans (con- 
necting branch) to a paravertebral ganglion 
(Fig. 18-8). Here they may synapse with the 
neurons or ascend or descend in the sympa- 
thetic trunk to synapse at other levels. Other 
preganglionic fibers pass through the para- 
vertebral ganglia without synapsing, forming 
splanchnic nerves to the viscera. The post- 
ganglionic fibers course through a gray 
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ramus communicans, passing from a sympa- 
thetic ganglion into a spinal nerve. Hence, 
the sympathetic trunks are composed of as- 
cending and descending fibers. 

The Parasympathetic Nervous Sys- 
tem. The preganglionic parasympathetic 
fibers arise from neurons in nuclei of the 
brain stem and in the sacral region of the 
spinal cord. The fibers from the brain stem 
leave via the oculomotor (CN IID), facial (CN 
VII), glossopharyngeal (CN IX), and vagus 
(CN X) nerves. The postganglionic neurons 
are located in peripheral ganglia or in plex- 
uses near or within the structure being inner- 
vated (e.g., the pupil of the eye, the salivary 
glands, the heart, and the gastrointestinal 
tract). 

Congenital Aganglionic Megacoion 
(Hirschsprung’s Disease). This condition 
of extreme dilation and hypertrophy of the 
colon results from failure of neural crest 
cells to migrate into the wall of the colon and 
to differentiate into -_parasympathetic gangli- 
on cells. Histologically, there is an absence 
of ganglion cells in the myenteric plexus 
(Auerbach’s plexus) in the affected region of 
the bowel, usually the rectum and/or sigmoid 
colon. In less common cases, the aganglion- 
osis also affects proximal parts of the colon 
and even the smal! bowel (Nixon and Wilkin- 
son, 1971). 

Congenital aganglionic megacolon (Gr. 
megas, big) is characterized clinically by 
fecal retention and abdominal distention 
starting at birth. The functional abnormality 
is a decrease in muscular tone and con- 
tractile activity of an aganglionic segment of 
bowel, without the reciprocal relation neces- 
sary to produce the onward movement of 
feces by peristalsis of the colon proximal to 
the aganglionic segment. Congenital agan- 
glionic megacolon accounts for about 20 per 
cent of the cases of intestinal obstruction in 
infants (Vaughan et al.. 1979). 


SUMMARY 


The central nervous system develops from 
a dorsal thickening of ectoderm known as the 
neural plate. This plate appears around the 
middle of the third week and becomes infold- 
ed to form a neural groove and neural folds. 
When the neural folds fuse to form the neural 
tube in the fourth week, some neuroectoder- 
mal cells are not included but remain be- 
tween the neural tube and the surface ec- 
toderm as the neural crest. Development of 


the neural plate and neural tube is believed to 
be induced by the notochord and the paraxial 
mesoderm. 

The cranial end of the neural tube forms 
the brain, consisting of the forebrain, the 
midbrain, and the hindbrain. The forebrain 
gives rise to the cerebral hemispheres and 
the diencephalon; the midbrain becomes the 
adult midbrain; and the hindbrain gives rise 
to the pons, cerebellum, and medulla oblon- 
gata. The remainder of the neural tube be- 
comes the spinal cord. 

The lumen of the neural tube becomes the 
ventricles of the brain and the central canal 
of the spinal cord. The walls of the neural 
tube become thickened by proliferation of 
neuroepithelial cells, which give rise to all 
nerve and macroghial cells in the central 
nervous system. The microglia are believed 
to differentiate from mesenchymal cells that 
enter the central nervous system with the 
blood vessels. 

The pituitary gland develops from two 
completely different parts: (1) an ectodermal 
upgrowth from the stomodeum, known as 
Rathke’s pouch, and (2) a neuroectodermal 
downgrowth from the diencephalon called 
the neurohypophyseal bud. The adenohypo- 
physis arises from the oral ectoderm, and the 
neurohypophysis arises from the neuroecto- 
derm (see Table 18-1). 

Cells in the cranial, spinal, and autonomic 
ganglia are derived from the neural crest. 
Schwann ceils, which myelinate the axons, 
also arise from the neural crest. Similarly, 
most of the autonomic nervous system and 
all chromaffin tissue, including the adrenal. 
medulla, develop from the neural crest. 

Congenital malformations of the central 
nervous system are common. Defects of 
closure of the neural tube (neural tube de- 
fects) account for most abnormalities (e.g., 
spinal bifida cystica and anencephaly). The 
malformations may be limited to the nervous 
system, or they may include overlying tis- 
sues (bone, muscle, and connective tissue). 
Some malformations are caused by genetic 
abnormalities; others result from environ- 
mental factors such as infectious agents, 
drugs, and metabolic disease. Most malfor- 
mations are probably caused by a combina- 
tion of genetic and environmental factors. 

Most gross abnormalities (e.g., anenceph- 
aly) are incompatible with life. Other severe 
malformations (e.g., spina bifida cystica) 
often cause functional disability (e.g., mus- 
cle paralysis). 

Severe abnormalities may result from con- 
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genital malformations of the ventricular sys- 
tem. There are two main types of hAydro- 
cephalus: internal, or noncommunicating 
hydrocephalus (blockage of cerebrospinal 
fluid flow in the ventricular system) and 
communicating hydrocephalus (blockage of 
cerebrospinal fluid in the subarachnoid 
space). 

Mental retardation may result from chro- 
mosomal abnormalities arising during game- 
togenesis or from metabolic disorders or 
maternal and fetal infections occurring dur- 
ing prenatal life. Various postnatal condi- 
tions (e.g., cerebral infection or trauma) may 
also cause abnormal mental development. 


SUGGESTIONS FOR ADDITIONAL 
READING 


Crelin, E. S.: Development of the Nervous System. A 
Logical Approach to Neuroanatomy. Ciba Clinical 





Symposia, Vol. 26. A succinct account of the normal 
development of the nervous system, beautifuily illus- 
trated by Dr. F. Netter. Dr. Crelin shows clearly that 
the key to understanding the complexities of the 
nervous system is a good knowledge of how it devel- 
ops from the neural plate. 

Dobbing, J.: Late development of the brain and its 
vilnerability; in J, A. Davis and J. Dobbing (Eds.): 
Scientific Foundations of Paediatrics. Philadelphia, 
W. B. Saunders Co., 1974, pp. 565-576. The author 
emphasizes that the developing brain — from the 
time of birth until maturity — is subject to a number 
of different types of pathological conditions. He also 
discusses the brain growth spurt, emphasizing the 
desirability of promoting good body growth during the 
vulnerable period of brain growth after birth. 

Lemire, R. J., Loeser, J. D., Leech, R. W., and Alvord, 
E. C.: Normal and Abnormal Development of the 
Human Nervous System. Hagerstown, Harper & 
Row, Publishers, 1975. The authors consolidate cur- 
rently available information on the normal develop- 
ment of the nervous system and analyze the various 
diseases of the developing nervoius system. They 
thoroughly discuss possible causes of abnormalities of 
the nervous system and the times at which these 
etiological factors could produce abnormal develop- 
ment. 


CLINICALLY ORIENTED PROBLEMS 

1. A pregnant woman developed polyhydramnios over the course of a few days 
(acute hydramnios). Using ultrasonography, a radiologist reported that the §& 
fetus had acrania and was probably anencephalic. How sooncananencephaly @ 
be detected by u/trasound scanning of the abdomen? Why is polyhydramnios 
associated with anencephaly? What other techniques could be used to 
confirm the diagnosis of anencephaly? 

2. A male infant was born with a large jumbar meningomyeloce/e that was @ 
covered with a thin membrane. Within a few days, thesac ulcerated and began &@ 
to leak. A marked neurological deficit was detected inferior to the level of the | 
sac. Whatis the basis of the neurological deficit? What structures would likely 
be affected? 4 

3. A CT scan of an infant with an enlarged head showed dilation of the lateral & 
and third ventricles. What is this condition called? Where would the block | 
most likely be to produce this abnormal dilation of the ventricles? Is this # 
condition usually recognizable before birth? How do you think this condition | 
might be treated surgically? 

4. is an enlarged head in an infant synonymous with hydrocephalus? What 
condition is usually associated with an abnormally small head? Is growth of 
the skull dependent on growth of the brain? What environmental factors are 
known to cause microencephaly? 

5. A radiologist reporting on a pneumoencepha/ogram stated that the patient's 
ventricles were dilated posteriorly, and that the lateral ventricles were 
also widely separated by a dilated third ventricle. Agenesis of the corpus 
callosum was diagnosed. What is the common symptom associated with © 
agenesis of the corpus callosum? Are some patients asymptomatic? What is 
the basis of the dilated third ventricle? = 
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Nate ae SN the eS tenes sor Taare cs ¥ = 7 Oe ee > os, 2 Sapee tam capes ” 
rw ues tea Re pe Sire Pe Ft aad SE RS A Ii, Ai rn ee RAM eeu f See LOR NCAR eM AL a Kono tp a te 
cialae aig cial TUN es swe (OR SAREE ES et et SN eee as ir I Rag RE ae GL Gnlisracitns mee termes 


Wer . ma 








SP PPE CW ee celE DP LEE E ee NOES al a ee a a ew ew we ew SS SS RS 





REFERENCES 411 


REFERENCES 


Angevine, J. B., Jr., Bodian, D., Coulombre, A. J., 
Edds, M. V., Jr., Hamburger, V., Jacobson, M., 
Lyser, K. M., Prestige, M. C., Sidman, R. L., Varon, 
S., and Weiss, P. A.: Embryonic vertebrate central 
nervous system: revised terminology. Anat. Rec. 
166:257, 1970. 

Anens Kappers, J.: Development of the human para- 
physis. J. Comp. Neurol. 102:425, 1955. 

Barr, M. L.: The Human Nervous System. An Anatomic 
Viewpoint, 3rd ed. Hagerstown, Harper & Row, 
Publishers, 1979. 

Barry, A., Patten, B. M., and Stewart, B. H.: Possible 
factors in the development of the Arnold-Chiari mal- 
formation. J. Neurol. 14:285, 1957. 

Beks, J. W. F.: Defects of the lumbar spinal axis; in A. 
J. C. Huffstadt (ed.}: Congenital Malformations. Am- 
sterdam, Excerpta Medica, 1980, pp. 91-97. 

Boyd, J. D.: Observations on the human pharyngeal 
hypophysis. J. Endocrinol. 14:66, 1956. 

Bull, J. W. D., and Sutton, D.: Diagnosis of paraphyseal 
cysts. Brain 72:487, 1949. 

Clayton, B. E. (Ed.)}: Mental Retardation: Environmen- 
tal Hazards. London, Butterworth & Co. (Publish- 
ers) Ltd 1973, 

Conel, J. L.: Postnatal Development of the Human 
Cerebral Cortex. Cambridge, Mass., Harvard Univer- 
sity Press, 1959. 

Corliss, C. E.: Patten’s Human Embryology. Elements 
of Clinical Development. New York, McGraw-Hill 
Book Co., 1976, pp. 199235, 

Dennison, W. M.: Spina bifida; in J. C. Mustardé (Ed.): 
Plastic Surgery in Infancy and in Childhood. Edin- 
burgh, E. & S. Livingston, Ltd., 1971, pp. 382-385. 

Giroud, A.: Causes and morphogenesis of anencephaly: 
In G. E. W. Wolstenholme and C. M. O'Connor 
(Eds.): Ciba Foundation Symposium on Congenital 
Malformations. London, J. & A. Churchill, 1960, pp. 
199212. 

Groff, R. A., and Pitts, F. W.: Nervous system; in A. 
Rubin (Ed.}: Handbowk of Congenital Malforma- 
tions. Philadelphia, W. B. Saunders Co., 1967, pp. 
86-102. 

Hamilton, W. J., Boyd, J. D., and Mossman, H. W.: 
Human Embryology. 4th ed. Cambridge, W. Heffer & 
Sons Ltd., 1972. 

Holmes, R. L., and Sharp, J. A.: The Human Nervous 
System. A Developmental Approach. London, J. & 
A. Churchill, 1969. 

Jacobson, M.: Developmental Neurobiology. 2nd ed. 
New York, Plenum Press, 1978. 

Jacobson, $.: Neuroembryology: in B. A. Curtis, S. 
Jacobson, and E. M. Marcus (Eds.): An Introduction 
to the Neurosciences. Phitadelphia, W. B. Saunders 
Co., 1972, pp. 20-35. 

Jost, A.: Hormonal factors in the development of the 
fetus. Cold Spring Harbor Symp. Quant. Biol. 19:167, 
1954. 

Kalter, H.: Teratology of the Central Nervous System. 
Chicage, University of Chicago Press, 1968. 

Langman, J.: Medical Embryology. Human Develop- 
ment — Normal and Abnormal. 4th ed., Baltimore, 
The Williams & Wilkins Co., 1981. 

Langman, J., Guerrant, R. L., and Freeman, B. G.: 
Behavior of neuroepithelial cells during closure of the 
neural tube. J. Comp. Neurol. 127:399, 1966. 

Larroche, J. C.: Part 1]: Tht development of the central 
nervous system during intrauterine life; rr F. Falkner 


(Ed.): Human Development. Philadelphia, W. B. 
Saunders Co., 1966, pp. 257-276. 

Laurence, K. M.: The pathology of hydrocephalus. 
Ann. R. Coll. Surg. Engl. 24:388, 1958. 

Laurence, K. M., Carter, C. O., and David, P. A.: The 
major central nervous system malformations in South 
Wales. I. Incidence, local variations and geographical 
factors. Br. J. Prev. Soc, Med. 22:146, 1968. 

Laurence, K. M., Carter, C. O., and David, P. A.: The 
major centraf nervous system malformations in South 
Wales. Il. Pregnancy factors, seasonal variations and 
social class effects. Br. J. Prev. Soc. Med. 22:212, 
1968. 

Laurence, K. M., and Weeks, R.: Abnormalities of the 
central nervous system, in A. P. Norman (Ed.): 
Congenital Abnormalities in Infancy. 2nd ed. Oxford, 
Blackweil Scientific Publications, 1971, pp, 25-86. 

Lemire, R. J.: Variations in development of the caudal 
neural tube in human embryos (Horizons X1V-XX)), 
Teratology 2:361, 1969. 

Lemire, R. J.: Embryology of the nervous system; in J. 
A. Davis and J. Dobbing (Eds.): Scientific Founda- 
tions of Paediatrics. Philadelphia, W. B. Saunders 
Co., 1974, pp. 547-564. 

Lemire, R. J., Shepard, T. H., and Alvord, E. C., Jr.: 
Cauda! myeloschisis (lumbo-sacral spina bifida cysti- 
ca) in a five millimeter (Horizon XIV) human embryo. 
Anat. Rec. 152:9, 1965, 

List, C, F.: Intraspinal epidermoids, dermoids, and 
dermal sinuses. Surg. Gynecol. Obstet. 73:525, 
1941. 

Loggie, J. M. H.: Growth and development of the 
autonomic nervous system; in J. A. Davis and J. 
Dobbing (Eds.): Scientific Foundations of Paedi- 
atrics. Philadelphia, W. B. Saunders Co., 1974, pp. 
640-648. 

MacLean, N., Mitchell, J. M., Harden, D. G., Wil- 
liams, J., Jacobs, P. A., Buckton, K. A., Baikie, A. 
G., Court Brown, W. M., McBride, J. A., Strong, J. 
A., Close, H. G., and Jones, D. C.: A survey of 
Sex-chromosome abnormalities among 4514 mental 
defectives. Lancet 1:293, 1962. 

Marshal, W. A.: Development of the Brain. Edinburgh, 
Oliver and Boyd, 1968. 

Moore, K. L.: Clinically Oriented Anatomy. Baltimore, 
The Williams & Wilkins Co., 1980, p. 661. 

Mithorat, T. H.: Hydrocephalus and the Cerebrospinal 
Fluid. Baltimore, The Williams & Wilkins Co., 
1972. 

Nixon, H. H., and Wilkinson, A. W.: Abnormalities of 
the gastrointestinal system; in A. P. Norman (Eds.): 
Congenital Abnormalities in Infancy. 2nd ed. Oxford, 
Biackwell Scientific Publications, 1971, pp. 244—246. 

O’Rahilly, R., and Gardner, E.: The timing and se- 
quence of events in the development of the human 
nervous system during the embryonic period proper. 
Z. Anat. Entwicklungsgesch. 134:1, 1971. 

Padget, D. H.: Neuroschisis and human embryonic 
maldevelopment. New evidence on anencephaly, 
spina bifida and diverse: mammalian defects. J. 
Neurapathol. Exp. Neurol. 29:192, 1970. 

Page, E. W., Villee, C. A., and Villee, D. B.: Human 
Reproduction. Essentials of Reproductive and Peri- 
natal Medicine. 3rd ed. Philadetphia, W. B. Saunders 
Co., 1981. 

Perret, G.: Symptoms and diagnosis of diastematomye- 
ha. Neurology 10:1, 1960. 

Parkinson, D.: The meningomyeloceles and allied mal- 
formations. Manit. Med. Rev. 43:76, 1963. 








412 THE NERVOUS SYSTEM 


Penrose, L. S.: Genetics of anencephaly. J. Ment. 
Defic. Res. 1:4, 1957. 

Peters, P. W., Dormans, J. A., and Geelan, J. A.: Light 
microscopic and ultrastructural observations m ad- 
vanced stages of induced exencephaly and spina 
bifida. Teratology 19:183, 1979. 

Rodier, P. M., Reynolds, S. S., and Roberts, W. N.: 
Behavioral consequences of interference with CNS 
development in the early fetal period. Teratology 
19:327, 1979. 

Russel, D. S. P.: Observations on the Pathology of 
Hydrocephalus. Med. Res. Council Report No. 265, 
London, 1949. 

Shager, N. T., Kelly, A. B., and Wagner, J. A.: 
Congenital absence of the corpus callosum, N. Engl. 
J. Med, 256:1171, 1957. 





Smith, D. W., and Gong, B. T.: Scalp-hair patterning as 
a clue to early fetal brain development. J. Pediatr. 
83:375, 1973. 

Thompson, J. S., and Thompson, M. W.: Medical 
Genetics. 3rd ed. Philadelphia, W. B. Saunders Co., 
1980, p. 270. 

Touwen, B. C. L.: Neurological development of the 
infant;in J. A. Davis and J. Dobbing (Eds.): Scientific 
Foundations of Paediatrics. Philadelphia, W. B. 
Saunders Co., 1974, pp. 587-614. 

Vaughan, V. C., McKay, R. J., and Behrman, R. E. 
(Eds.): Nelson Textbook of Pediatrics. 11th ed. Phila- 
delphia, W. B. Saunders Co., 1979. 

Warkany, J.: Congenital Malformations. Notes and 
Comments. Chicago, Year Book Medical Publishers, 
Inc., 1971, pp. 189-352. 

















THE EYE AND THE EAR 


THE EYE 


The visual organs, or eyes, develop from 
three sources: (1) neuroectoderm of the fore- 
brain, (2) surface ectoderm of the head, and 
(3) mesoderm between the two aforemen- 
tioned layers. 

Eye formation is first evident during stage 
10 of development (about 22 days) when a 
pair of grooves called optic sulci appear in 
the neural folds at the cranial end of the 
embryo (Fig. 19-1A and B). As the neural 
folds fuse to form the prosencephalon, or 
forebrain, the optic sulci evaginate to form 
a pair of hollow diverticula called optic 
vesicles, which project from the sides of the 
forebrain into the adjacent mesenchyme (see 
Figs. 18-34 and 19-1C). The formation of 
the optic vesicles is induced by the mesen- 
chyme adjacent to the developing brain. 

As the bulb-like optic vesicles grow later- 
ally, their distal ends expand and their con- 
nections with the forebrain constrict to form 
optic stalks (Fig. 19-1D). As the optic 
vesicles grow outward, displacing the mes- 
enchyme, their external surfaces become 
flattened. 

Concurrently, the surface ectoderm adja- 
cent to the optic vesicles thickens and forms 
lens placodes (Fig. 19-1C). The formation of 
lens placodes is induced by the optic vesi- 
cles. The inducing agent is probably a chemi- 
cal substance produced by the lens vesicles. 
The central region of each lens placode soon 
invaginates (Fig. 19?-1D) and sinks below the 
surface, forming alens pit (fovea lentts). The 
edges of this pit gradually approach each 
other and fuse to form a spherical lens vesi- 
cle (Fig. 19-LF), which becomes pinched off 
from the surface ectoderm. It is totally sur- 
rounded by mesenchyme. The lens vesicle 
develops into the lens of the eye. 

As the lens vesicles are developing, the 
optic vesicles invaginate and become double- 
walled, cup-like structures called optic cups 
(see Figs. 18-3C and 19-1H). The opening 
of the optic cup is large at first, but later the 


nm of the optic cup bends inward and con- 
verges (Figs. 19-3 and 19-4). By this stage, 
the lens vesicles have separated from the 
surface ectoderm and have come to lie within 
the optic cups. Linear grooves called choroid 
fissures, or optic fissures (Fig, 19-1E to 
Hf), develop on the inferior surface of the 
optic cups and along the optic stalks. Hya- 
loid blood vessels develop in the mes- 
enchyme tn these fissures. The hyaloid ar- 
fery, a branch of the ophthalmic artery, 
supplies the inner layer of the optic cup, the 
lens vesicle, and the mesenchyme in the 
optic cup (Fig. 19-1H). The Ayaloid vein 
returns blood from these structures. As the 
edges of the optic fissure come together and 
fuse, the hyaloid vessels are enclosed within 
the optic nerve (Fig. 19-2E and F). The 
distal portions of the hyaloid vessels eventu- 
ally degenerate, but their proximal portions 
persist as the central artery and vein of the 
retina. 

The Retina (Figs. 19-3 to 19-5). The 
retina develops from the walls of the optic 
cup, which is an outgrowth of the brain 
(diencephalon). The outer, thinner layer of 
the optic cup becomes the pigment epithe- 
lium, and the inner, thicker layer differen- 
tiates into the complex neural layer of the 
retina, During the embryonic and early fetal 
periods, the two retinal layers are separated 
by an intraretinal space representing the 
cavity of the original optic vesicle. This 
space gradually disappears as the retina 
forms. 

The pigment epithelium becomes firmly 
fixed to the choroid, but its attachment to the 
neural layer of the retina is not so firm. 
Hence, detachment of the retina may follow 
a blow to the eye. It often occurs during 
fixation and preparation of an eye for his- 
tological study. The detachment consists of 
Separation of the pigment epithelium from 
the neural layer of the retina, i.e., at the site 
of embryonic adherence of the outer and 
inner layers of the optic cup. 
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Figure 19-1 Drawings illustrating early eye development. A, Dorsal view of the cranial end of an embryo 
during stage 10 of development (about 22 days), showing the first indication of eye development. Note that the 
neural folds have not fused to form the primary brain vesicles at this stage. 8, Transverse section through an 
optic sulcus. C, Schematic drawing of the forebrain, its covering layers of mesoderm and surface ectoderm 
from an embryo during stage 13 of development (about 28 days), D, F, and H, Schematic sections of the devel- 
oping eye illustrating successive stages in the development of the optic cup and the lens vesicle. £, Lateral 
view of the brain of an embryo during stage 14 of development (about 32 days), showing the external appear- 
ance of the optic cup. G, Transverse section through the optic stalk showing the optic fissure and its Contents. 
Note that the edges of the optic fissure grow together and fuse, thereby completing the optic cup and enclosing 
the central artery and vein of the retina in the cup and the optic nerve. 
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Figure 19-2 Diagrams illustrating closure of the optic fissure and formation of the optic nerve. A, C,andE, 


Views of the inferior surface of the optic cup and stalk, showing progressive stages in the closure of the optic 
fissure. C;, Schematic sketch of a longitudinal section of a portion of the optic cup and optic stalk, showing 
axons of gangiion cells of the retina growing through the optic stalk to the brain. 8, D, and F, Transverse sec- 
tions through the optic stalk, showing successive stages in the closure of the optic fissure and in formation of 
the optic nerve. Note that the lumen of the optic stalk is gradually obliterated as axons of ganglion cells accu- 
mulate in the inner layer of the optic stalk. The changes in the optic stalk that result in the formation of the 
optic nerve occur between the sixth and eighth weeks. 
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Figure 19-3 Photomicrograph of a sagittal section through the developing eye of a human embryo during 
stege 17 of development {about 41 days) (x 200). The intraretinal space represents the cavity of the original 
optic vesicle. (Courtesy of Dr. J. W. A. Duckworth, Professor Emeritus of Anetomy, University of Toronto.) 


Because the optic vesicle grows outward 
from the forebrain, the layers of the optic 
cup are continuous with the wall of the brain. 
Under the influence of the lens, the inner 
layer of the optic cup proliferates and forms 
a thick neuroepithelium. Subsequently, the 
cells of this layer differentiate into rods and 
cones, bipolar cells, and ganglion cells. 

Because the optic vesicle invaginates as it 
forms the optic cup, the neural layer of the 
retina is “‘inverted’’; i.e., light-sensitive 
parts of the photoreceptor cells are adjacent 
to the pigment epithelium. As a result, light 
must pass through most of the retina before 
reaching the receptors; however, because 
the retina is thin and transparent, it does not 
produce a significant barrier to light. The 
neural layer of the developing retina is con- 
tinuous with the inner layer of the optic stalk 
(Figs. 19-1F and G and 19-2D). Consequent- 
ly, axons of the ganglion cells pass into the 
inner wall of the optic stalk and gradually 
convert it into the optic nerve (Fig. 19-2B, D, 
and F). 


Myelination of the optic nerve fibers is 
incomplete at birth. After the eyes have been 
exposed to light for about ten weeks, myelin- 
ation of the fibers is complete, but the proc- 
ess normally stops short of the optic disc 
(Kwitko, 1979). 

The Ciliary Body (Figs. 19-5 and 19- 
6). The pigmented portion of the epithelium 
of the ciliary body is derived from the outer 
layer of the optic cup, and it is continuous 
with the pigment epithelium of the retina. 
The nonpigmented portion of the ciliary epi- 
thelium represents the forward prolongation 
of the neural layer of the retina, in which no 
neural elements differentiate. The ciliary 
muscle and connective tissue develop from 
mesenchyme that indents the edge of the 
optic cup. 

The Iris (Figs. 19-5 and 19-6). The iris 
develops from the edge of the optic cup, 
which bends inward and partially covers the 
lens. The epithelium of the iris represents 
both layers of the optic cup and is continuous 
with the double-layered epithelium of the 
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ciliary body and with the pigment epithe- - 


lium and the neural layer of the retina. 


The eyes of most Caucasians are blue at birth 
because the small amount of dark melanin pig- 
ment in the epithelial layers on the posterior 
aspect of the iris appears blue through the stroma 
anterior to it. Pigment begins to form in the 
stroma during the first few days after birth. The 
final color of the eye depends on the density of the 
stroma and on how much pigment is deposited in 
it and in the two layers of epithelial cells at the 
posterior aspect of the iris. If very little pigment is 
deposited, the eye remains blue. When the stroma 
is dense, the eye appears gray. If more pigment is 
deposited, the eye appears brown. The eyes of 
deeply-pigmented races may look blue, hazel, or 
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brown at birth, depending upon the amount of 
pigment present in the iris. They become darker 
during the first few days as more pigment is 
deposited in the iris, and changes in eye color may 
be noticeable for several weeks. 

Pigmentation of the border layer of the iris, a 
condensation of the irts stroma, is acquired during 
the first few years after birth. As a result, the final 
color of the eyes is not determined until this time. 
The border layer is thin and lightly pigmented in 
blue-eyed persons, and thick and heavily pigment- 
ed in dark-eyed persons. 

The dilator and sphincter pupillae muscles 
of the iris are derived from the neuroec- 
toderm of the outer layer of the optic cup. 
These smooth muscles are derived from the 
pigment epithelium by a transformation of 


eyelid 


cornea 


lens 
epithelium 


lens fibers 


Figure 19-4 Photomicrograph of a sagittal section through the developing eye of ahuman embryo during 
stage 20 of development (about 50 days) (x75). The intraretinal space, representing the cavity of the optic 
vesicle, gradually disappears as the inner and outer layers of the optic cup fuse to form the retina (Fig. 19-5). 
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Figure 19-5 Drawings of sagittal sections of the eye, showing successive developmentel steges. A, Five 
weeks. 8, Six weeks. C, 20 weeks. D, Newborn. Note that the layers of the optic cup are fused and form the 
pigment epithelium and neural layer of the retina end that they extend enteriorly es the double epithelium of the 
clliery body and the iris, The retina and the optic nerve are tormed from the optic cup end the optic stalk, 


outgrowths of the brain (Fig. #9-1C). 


epithelial cells into smooth muscle fibers. 
Electron microscopic studies confirm this 
unusual event. The vascular connective tis- 
sue of the iris is derived from mesenchyme 
located anterior to the rim of the optic cup. 
The Lens (Fig. 19-5). The lens develops 
from the hollow lens vesicle, a derivative of 
the surface ectoderm (Fig. 19-1D and F). 
The anterior wall of this vesicle, composed 
of low columnar cells, does not change ap- 
preciably as it becomes the anterior epitheli- 
um of the adult lens. The cells forming the 
posterior wall of the lens vesicle lengthen 
considerably to form lens fibers that grow 
into and gradually obliterate the cavity of the 
lens vesicle (Fig. 19-54 to C). The first lens 
fibers, which form by elongation and dif- 
ferentiation of the posterior epithelial cells of 
the lens vesicle, are oriented in an anteropos- 


terior direction. Succeeding fibers are 
derived superficially by mitosis, elongation, 
and differentiation of cells at the equator of 
the lens. Hence, these lens fibers are ar- 
ranged meridionally in concentric layers. 
The older and deeper lens fibers lose their 
nuclei, but the epithelial cells in the egua- 
forial zone (Fig. 19-5C) continue to multiply 
and differentiate into new lens fibers. Con- 
sequently, the concentric layers of lens fibers 
show varying degrees of differentiation. 
Fiber formation continues throughout life. 

The lens is enclosed by a specialized elas- 
tic capsule of intercellular substance, the 
lens capsule, which is produced by the un- 
derlying epithelial cells (Willis et al., 1969). 
The lens grows rapidly during the first few 
years after birth; thereafter, it grows more 
slowly. 








THE EYE 419 


nonpigmented portion of 
the ciliary epithelium 


pigmented portion of 


(continuous with the 


neural layer of the retina} 


the ciliary epithelium 
{continuous with the pigment 
epithelium of the retina) 





double-layered epithelium of the iris 
(continuous with the neural and pigmented layers of the retina) 


Figure 19-6 Photomicrograph of the root of the adult iris (right) and clilary processes, showing the cillary 
and lridial parts of the retina (x 215). (From Leeson, T. S., and Leeson, C. R.: Histology. 3rd ed. Philadelphia, 
W. B. Saunders Co., 1976.) 


The developing lens is invested by a vascular 
mesenchymal layer, the tunica vasculosa lentis; 
the anterior portion of this capsule is called the 
pupillary membrane (Fig. 19-5B and €). The 
portion of the hyaloid artery that supplies the 
tunica vasculosa lentis disappears during the late 
fetal period. As a result, the tunica vasculosa 
lentis and the pupillary membrane degenerate 
(Fig. 19-5D), but the lens capsule produced by the 
lens epithelium persists. The former site of the 
hyaloid artery is indicated by the Ayaloid canal in 
the vitreous body (Fig. 19-5D). It is usually 
imconspicuous in the living eye. 

The vitreous body forms within the cavity of the 
optic cup and is derived partly from the neuroec- 
toderm of the optic cup and partly from mes- 
enchyme that enters the optic cup. 


The Aqueous Chambers of the Eye and 
the Cornea (Figs. 19-3 to 19-5). The 
anterior chamber develops from a Cleft-like 
space that forms in the mesenchyme locat- 
ed between the developing lens and the sur- 
face ectoderm (Fig. 19-5A to C). The mes- 
enchyme superficial to this space forms the 
substantia propria of the cornea and the 
mesothelium of the anterior chamber. After 
the lens is established, it functions as an 
inductor and influences the surface ectoderm 
to develop into the epithelium of the cornea 
and the conjunctiva. The mesenchyme deep 
to the developing anterior chamber forms the 
stroma of the iris. 

The posterior chamber develops from a 
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space that forms in the mesenchyme postert 
or to the developing iris and anterior to the 
developing lens. When the pupillary mem- 
brane disappears and the pupil forms, the 
anterior and posterior chambers of the eye 
communicate with each other. 

The Sclera and Choroid (Figs. 19-4 and 
19-5). The mesenchyme surrounding the 
optic cup differentiates into an inner vas- 
cular layer, the choroid, and an outer fibrous 
layer, the sclera. Toward the margin of the 
optic cup, the choroid becomes modified to 
form the cores of the ciltary processes, con- 
sisting chiefly of capillaries supported by 
delicate connective tissue. The sclera ts con- 
tinuous with the substantia propria of the 
cornea (Fig. 19-SD). 


At the attachment of the optic nerve to the eye, 
the choroid is continuous with the pia-arachnoid 
of the brain, which forms a sheath around the 
optic nerve. The sclera is continuous with the 
dura mater of the brain, which also forms a sheath 
around this nerve, The continuity of these layers 
is understandable when it is recalled that the eyes 
develop from outgrowths of the brain. The sub- 
arachnoid space around the brain also extends 
around the optic nerves as far as their attachment 
to the eyes. 

The Eyelids (Fig. 19-5). The eyelids develop 
from two ectodermal, or cutaneous, folds con- 
taining cores of mesenchyme. The eyelids meet 
and adhere by about the tenth week and remain 
adherent until about the twenty-sixth week (see 
Chapter 6), While the eyelids are adherent, a 
closed conjunctival sac exists anterjor to the 
cornea; when the eyes open, the conjunctiva 
covers the “white” of the eye and tines the 
eyelids. The eyelashes and glands are derived 
from the surface ectoderm in a manner similar to 
that described for other parts of the integument 
(see Chapter 20). The muscles and tarsal plates 
develop from mesenchyme in the cores of the 
eyelids. 

Although it is generally stated that the upper 
and lower eyelids are separated by 26 weeks, 
Jain et al. (4973) concluded that the eyelids begin 
to separate from each other by about 21 weeks. 

The Lacrimal Glands. At the superolateral 
angles (superior fornices} of the conjunctival 
sacs, the lacrimal glands develop from a number 
of solid buds from the surface ectoderm. These 
branch and become canalized to form the ducts 
and alveoh of the glands. The lacrimal glands are 
small at birth and do not function fully for about 
six weeks. Hence, the newborn infant does not 
produce tears when it cries. 

The Postnatal Eyes. The size of the 
eyes of a newborn infant is about two thirds 
that of the eyes of an adult. The eyes grow 
fairly rapidly in the first year and then grow 


more slowly until puberty; after this, addi- 
tional growth is negligible. 

Infants do not see well for the first few 
weeks. They have a vacant stare, mainly 
because of incomplete development of the 
macula lutea and fovea centralis, the area of 
the retina responsible for visual acuity. 
These structures are not completely devel- 
oped until about a month after birth. Persis- 
tence of a vacant stare beyond the first few 
weeks may indicate mental retardation or a 
visual defect such as bilateral optic atrophy 
{Kwitko, 1979). 


CONGENITAL MALFORMATIONS 
OF THE EYE 


Because of the complexity of eye develop- 
ment, many congenital abnormalities may 
occur, but most of them are relatively rare. 
The type and severity of the malformation 
depend upon the embryonic stage during 
which development is disturbed. The critical 
period of human eye development is during 
developmental stages 10 to 20 (22 to 50 
days). 

Congenital Colobomas (Figs. 19-7 and 
19-8). Defect of the eyelid, palpebral colo- 
boma, is Uncommon and is usually charac- 
terized by a small notch in the upper eyelid. 
Rarely, colobomas are in the lower eyelid 
and may then be associatd with the Treacher 
Collins syndrome (see Chapter 10). Palpebral 
colobomas probably result from a local de- 
velopmental disturbance in the growth of the 
eyelid. 

In coloboma iridis, there is an inferior 
defect in the iris, giving the pupil a keyhole 
appearance (Fig. 19-8). The gap, or notch, 
may be limited to the iris, or it may extend 


Lia staa! 





Figure 19-7 Photograph of the eye of a child 
with a coloboma of the iris and upper eyelid. (From 
Brown, C. A.: Abnormalties of the eyes and associ- 
ated structures; in A. P. Norman [Ed.]: Congenital 
Abnormalities in infancy. 2nd ed. 1971. Courtesy of 
Blackwel) Scientific Publications.) 
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Figure 18-8 Photograph of the eyes of a child, 
showing typical bilateral coloboma of the iris. (From 
Rahn, £. K., and Scheie, H. G.: The eye; in A. Rubin 
[Ed.]: Handbook of Congenital Malformations. 
Philadeiphia, W. B. Saunders Co., 1967.} 


deeper and involve the ciliary body and 
retina. Typical colobomas of the iris result 
from failure of closure of the optic fissure. 
This may be genetically determined or be 
caused by environmental factors (Warkany, 
1971). 

Congenital coloboma of the retina is char- 
acterized by a localized gap in the retina, 
usually inferior to the optic disc. The defect 
also results from defective closure of the 
optic fissure. The condition is bilateral in 
more than one half of cases. 

Congenital Glaucoma (Fig. 19-9). High 
intraocular pressure and enlargement of 
the eye result from abnormal develop- 
ment of the drainage mechanism of the 
aqueous humor. Intraocular tension rises as 
a result of imbalance between production of 
aqueous humor and its outflow. This proba- 
bly results from absence of or abnormal 
development of the sinus venosus sclerae 
(Fig. 19-5D). Congenital glaucoma is usually 
caused by recessive mutant genes, but the 
condition sometimes results from maternal 
rubella infection during early pregnancy (see 
Fig, 8-198). 

Congenital Cataract (see Fig. 8-184). 
In this condition, the liens is opaque and 
frequently appears grayish-white. Many 
lens opacities are inherited, but some are 
caused by noxious agents (particularly the 
rubella virus) that affect early development 
of the lens. Rubella cataract and other ocu- 
lar abnormalities caused by the rubella virus 
could be completely prevented if immunity to 
rubella were conferred on all women of re- 
productive age (Warkany, 1981). 

Another cause of cataract is the enzymatic 
deficiency of congenital galactosemia. Cata- 
racts are not present at birth, but they appear 
as early as the second week after birth. 
Owing to the enzyme deficiency, large 








amounts of galactose from milk accumulate 
in the infant’s blood and tissues, causing 
injury to the lens that results in cataract 
formation (Crowley, 1974). Hence, the cata- 
racts are not congenital, but the enzyme 
deficiency causing them is. 

Congenital Ptosis (Fig. 19-10). Droop- 
ing of one or both upper eyelids at birth is 
relatively common. It results from abnormal 
development or failure of development of 
the levator palpebrae superioris muscle. 
Congenital ptosis may also result from in- 
complete innervation of this muscle, If ptosis 
is associated with inability to move the eye- 
ball upward, there is also failure of the 
superior rectus muscle of the eye to develop. 
Congenital ptosis is hereditary, and the iso- 
lated defect is usually transmitted as an 
autosomal dominant trait (Brown, 1971). 


Persistent Pupillary Membrane. Remnants 


of the pupillary membrane, which normally 
covers the anterior surface of the lens during the 
early fetal period (Fig. 19-58), commonly persist 
as strands of connective tissue over the pupil. 
They seldom interfere with vision and usually are 
of no consequence. Very rarely, the entire pupil- 
lary membrane persists at birth, giving rise to a 
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Figure 49-9 Photograph of a child with con- 
genital glaucoma (buphthalmos), showing enlarge- 
ment of the left eye..(Courtesy of Dr. C. A. Brown, 


Consuliant Ophthalmologist, Bristol Eye Hospital, 
England.} 
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Figure 19-10 Photograph of an infani with con- 
genital bilateral ptosis. Unilateral ptosis is more com- 
mon. Drooping of the upper eyelid results from ab- 
normal development or failure of development of the 
levator palpebrae superioris, the muscle that ele- 
vates the eyelld. In bilateral cases, the infant con- 
tracts the frontalis muscle in an attempt to raise 
the upper eyelids, (From Schaffer, A. J., and Avery, 
M. E.: Diseases of the Newborn. 4th ed. Philadel- 
phia, W. B. Saunders Co., 1977.) 


condition known as congenital atresia of the 
pupil. 

rersistence of the Hyaloid Artery. The dis- 
tal portion of this artery normally degenerates. 
If a small part of this portion persists, it may ap- 
pear as a freely moving vessel, or cord, projecting 
from the optic disc into the vitreous body. In 
some cases, this remnant may formacyst. Rarely, 
the entire distal portion of the artery persists and 
extends from the optic disc through the vitreous 
body to the lens. In most of these cases, the eye 
is microphthalmic (very small), but in some cases 
the eye is otherwise normal (Mann, 1957). 

Congenital Detachment of the Retina. This 
condition, in which the pigmented and neural 
layers of the retina are separated, results when the 
inner and outer layers of the optic cup fail to fuse 
to form the retina and obliterate the intraretinal 
space (Fig. 19-4). The separation may be partial 
or complete. This abnormality may result from 
unequal rates of growth of the two layers of the 
optic cup; as a result, these layers are not in 
perfect apposition. Sometimes, the layers of the 
optic cup appear to have fused and separated 
later; such secondary detachments usually occur 
in association with other malformations of the eye 
and head. 


Congenital Aphakia. Congenital absence of 
the Lens 1s extremely rare and results from failure 
of the lens placode to form, a condition that is 
probably caused by failure of lens induction by 
the optic vesicle. This condition may also result 
from degeneration of the lens during the fetal 
period as the result of a pathological process. 

Cryptophthalmos. This very rare condition 
results from failure of the eyelids to develop. As a 
result, the skin of the forehead continues over the 
eye(s}. The eyeball is small and defective, and the 
cornea and conjunctiva usually do not develop. 

Microphthalmos. The eye on one side may 
be very small and may be associated with gross 
ocular abnormalities, or it may be a normal- 
appearing miniature eye. The affected side of the 
face is underdeveloped and the orbit is small. 
Microphthalmos may be associated with other 
congenital abnormalities (e.g,, facial cleft) or it 
may be part of a syndrome (e.g., trisomy 13). 

Microphthaimos results from arrested develop- 
ment of the eye after the optic vesicle has formed. 
If the interference with development occurs be- 
fore the embryonic optic fissure closes, mi- 
crophthalmos is associated with gross ocular de- 
fects. When eye development is arrested later in 
the embryonic or early fetal periods, simple mi- 
crophthalmos results (small eye without gross 
ocular abnormalities), 

Some cases of microphthalmos are inherited. 
The hereditary pattern may be recessive or sex- 
linked with low penetrance (Smith and Guberina, 
1979). Most cases of so-called simple microph- 
thaimia are probably caused by infectious agents 
(e.g., rubella virus, Toxoplasma gondii, and 
herpes simplex virus) that cross the placental 
membrane during the fetal period (Rahn and 
Scheie, 1967). 

Anophthalmos (Fig. 1911). The eyelid 
forms, but no eyeball is present in this condition. 
In some cases, eye tissue may be recognizable 
histologically. Anophthalmia may be unilateral or 
bilateral. Usually, there are no other defects. 

In primary anophthalmos, eye development is 
arrested early and results from failure of the optic 
vesicle to form. In secondary anophthalmos, the 
entire forebrain is suppressed, and absence of the 
eyes 1s one of several malformations. In consecu- 
tive anophthalmos, or degenerative anophthal- 
mos, the optic vesicle develops and then under- 
goes degeneration, probably as the result of a 
teratogenic agent. 

Cyclopia (Fig. 19-12). In this very rare con- 
dition, the eyes are partially or completely fused 
into a single median eye enclosed in a single orbit. 
Usually there is a tubular nose (proboscis) above 
the eye. The abnormality is frequently associated 
with other severe craniocerebral malformations 
that are incompatible with life. Cyclopia appears 
to result from suppression of midline cerebral 
structures that develop from the cranial part of the 
neural plate (Rahn and Scheie, 1967). Cyclopia is 
transmitted by recessive inheritance. 





Figure 19-44 Photograph of an infant with 
apparent anophthalmia and a single nostril. Without 
microscopic examination, the clinical distinction 
between anophthalmia and microphthalmia_ is 
difficult. 
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Figure 19-12 Photograph of an Infant with cy- 
clopia. The fused eyes are situated in a single midline 
orbit that is surmounted by a proboscis, a tubular 
Structure representing the nose. Owlng to gross de- 
formities of the skull, brain, and other organs, these 
malformed infants do not survive fong after birth. 
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Figure 19-13 Orawings illustrating early development of the inner ear. A, Dorsal view of an embryo during 
stage 10 of development (about 22 days}, showing the otic placodes. B, D, F, and G, Schematic sections illus- 
trating successive stages in the development of otic vesicles. C and £, Lateral views of the cranial region of 
embryos during developmental stages 11 and 13 (about 24 and 28 days, respectively). 
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THE EARS 


The ear consists of three anatomical parts: 
external, middle, and internal. The external 
and middle parts are concerned mainly with 
the transference of sound waves from the 
exterior to the internal ear, which contains 
the vestibulocochlear organ concerned with 
equilibration and hearing. 

The Internal Ear {Figs. 19-13, 19-14, 
and 79-15). This is the first of the three 
anatomical divisions of the ear to appear. 
Early in the fourth week, a thickened plate of 
surface ectoderm, the otic placode, appears 
on each side of the developing hindbrain. 
Each placode soon imvaginates and sinks 
below the surface ectoderm into the underly- 
ing mesenchyme to form an ofic pit. The 
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edges of the pit come together and fuse to 
form an otic vesicle (otocyst), the primor- 
dium of the membranous labyrinth. The otic 
vesicle soon loses its connection with the 
surface ectoderm. A hollow diverticulum 
grows out from the otic vesicle and elongates 
to form the endolymphatic duct and sac 
(Figs. 19-14 and 19~15A to F). 

Two regions of each otic vesicle soon 
become recognizable: a dorsal utricular por- 
tion, from which the wtricle, semicircular 
ducts, and endolymphatic duct arise, and a 
ventral saccular portion, which gives rise to 
the saccule and the cochlear duct, 

Three flat disc-like diverticula grow out 
from the utricular portion, and soon the cen- 
tral portions of the walls of these diverticula 
fuse and then disappear (Fig. 19-158 to &). 
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Figure 19-14 Transverse section through the head region of a human embryo during stage 14 of develop- 


ment (about 32 days}, showing the otic vesicle (x 27}. 
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Figure 19-15 Diagrams showing development of the membranous and bony labyrinths of the internal ear. 
A to £, Lateral views showing successive stages in the development of the otic vesicie into the membranous 
labyrinth from the fifth to eighth weeks. A, to D,, Diagrammatic sketches illustrating the development of a 
semicircular duct. F to /, Sections through the cochlear duct showing successive stages in the development of 
the organ of Corti and the peritymphatic space from the eighth to the twentieth weeks. 


The peripheral unfused portions of the 
diverticula become the semicircular ducts, 
which are attached to the utricle and en- 
closed in the semicircular canals of the bony 
labyrinth. 

Localized dilatations, the ampullae, devel- 
op at one end of each canal. Sensory nerve 
endings differentiate in the ampullae (cristae 
ampullares) and in the utricle and saccule 
(maculae utriculi and sacculi), . 

From the ventral saccular portion of the 
otocyst, a tubular diverticulum, the coch- 
lear duct, grows and coils to form the coech- 
lea (Fig. 19-15C to E). The connection of the 


cochlea with the saccule becomes constrict- 
ed to form the narrow ductus reuniens. 

The organ of Corti differentiates from cells 
in the wall of the cochlear duct (Fig. 19-15F 
to 7). Ganglion cells of the eighth cranial 
herve migrate along the coils of the cochlea 
and form the cochlear (spiral) ganglion, from 
which nerve processes grow to the organ of 
Corti, where they terminate on the jair cells. 
The cells of the cochlear ganglion retain 
their embryonic bipolar condition (see Fig. 
18-9B) and do not become unipolar like 
spinal ganglion cells (see Fig. 18-9 D), 

The mesenchyme around the otic vesicle 
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condenses and differentiates into a cartilagi- 
nous otic capsule (Fig. 19-15F). As the mem- 
branous labyrinth enlarges, vacuoles appear 
in the cartilaginous otic capsule and soon 
coalesce to form the perilymphatic space. 
The membranous labyrinth is now suspend- 
ed in fluid, the perilymph, in the perilym- 
phatic space. The penlymphatic space relat- 
ed to the cochlear duct develops in two 
divisions, the scala tympani and the scala 
vestibuli (Fig. 19-15H and J). The cartilagi- 
nous otic capsule ossifies to form the bony 
labyrinth of the internal ear. 

The Middle Ear (see Figs. 10-4 and 
19-16}. Development of the tubotympanic 
recess from the first pharyngeal pouch is 
described in Chapter 10. The distal portion of 
this recess expands and becomes the fym- 
panic cavity. The proximal unex panded por- 
tion becomes the auditory tube. As the tym- 
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panic cavity expands, its endodermal 
epithelium gradually envelops the middle ear 
bones, or auditory ossicles (malleus, incus, 
and stapes), their tendons and ligaments, and 
the chorda tympani nerve. All these struc- 
tures receive a more or less complete epithe- 
lial investment. During the late fetal period, 
expansion of the tympanic cavity gives rise 
to the mastoid antrum. 

Some mastoid air cells begin to develop during 
fetal life, but most of them form after birth. The 
epithelial lining of the middle ear first induces 
erosion of the surrounding bone and then lines the 
spaces thus formed. This process of invasion of 
bone by epithelium to form air sacs is called 
pneumatization, The mucous membrane of the air 
cells is continuous with that of the antrum and, 
through it, with the tympanic cavity. Air cell 
development is a continuing process. The mastoid 
process is absent at birth, but it forms a distinct 
prominence on the temporal bone by the end of 
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Figure 19-16 Schematic drawings showing development of the middie ear. A, Four weeks, illustrating the 
relation of the otic vesicle to the branchial apparatus. 8, Five weeks, showing the tubotympanic recess and 
branchial arch cartilages. C, Later stage, showing the tubotympanic recess (tuture tympanic cavity) beginning 
to envelop the ossicles. D, Final stage of ear development, showing the relationship of the middle ear to the 


perilymphatic space and the external acoustic meatus. 
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Figure 19-17 Drawings illustrating development of the auricle of the external ear, A, Six weeks, B, Eignt 
weeks, C, Ten weeks. D, 32 weeks. As the auricles develop, they move from the neck to the side of the head. 


the first year. The greatest growth of the mastoid 
process occurs between the third year and puber- 
ty: 
” The development of the middle ear bones 1s 
described in Chapter 10 (see Fig. 10-4). The 
muscle attached to the malleus, the fensor tym- 
pani, is derived from mesenchyme of the first 
branchial arch and is innervated by CN V (see 
Fig. 18-35), the nerve of that arch. The stapedius 
muscle is derived from the second branchiai arch 
and is therefore supplied by CN VII, the nerve of 
this arch. 

The External Ear (Figs. 19-16 and 19- 
17). The external acoustic meatus devel- 
ops from the dorsal end of the first branchial 
groove. The ectodermal cells at the bottom 
of this funnel-shaped tube proliferate and 
extend inward as a solid epithelial plate 
called the meatal plug. Late in the fetal 
period, the central cells of this plug degener- 
ate, forming a cavity that becomes the inner 
part of the external acoustic meatus. 

The early tympanic membrane 1s repre- 
sented by the first branchial membrane, 
which separates the first branchial groove 
and the first pharyngeal pouch (Fig. 19-16A). 
As development proceeds, mesenchyme 
grows between the branchial membrane and 
later differentiates into the fibrous stratum of 
the tympanic membrane. Thus, the tympanic 
membrane develops from ectoderm of the 


meatal plug, endoderm of the tubotympanic 
recess, and mesenchyme of the first and 
second branchial arches. 

The auricle develops from six swellings 
called auricular hillocks, which arise around 
the margins of the first branchial groove (Fig. 
19-174). The swellings are produced by pro- 
liferation of mesenchyme from the first and 
second branchial arches. As the auricle 
grows, the contribution of the first branchial 
arch becomes relatively reduced (Fig. 19- 
17B to D). The lobule is the last part of the 
auricle to develop. 

The external ears begin to develop in the 
upper part of the future neck region (Fig. 
19~17A), but as the mandible develops, the 
auricles move to the side of the head and 
ascend to the level of the eyes (Fig. 19-17B 
to D). 


The parts of the auricle derived from the first 
branchial arch are supplied by its nerve, the 
mandibular branch of the trigeminal, but the parts 
derived from the second branchial arch are sup- 
plied by cutaneous branches of the cervical plex- 
us, especially the lesser occipital and the greater 
auricular nerves. The facial nerve of the second 
arch has few cutaneous branches, but some fibers 
contribute to the sensory innervation of the skin 
in the mastoid region and probably on both as- 
pects of the auricle. 








428 THE EYE AND THE EAR 


CONGENITAL MALFORMATIONS 
OF THE EAR 


Congenital Deafness. Because the for- 
mation of the inner ear is independent of the 
development of the middle ear, congenital 
impairment of hearing may be the result of 
maldevelopment of the sound-conducting ap- 
paratus of the middle ear or of the neurosen- 
sory (perceptive) structures of the inner 
ear. 

Most types of congenital deafness are 
caused by genetic factors (Konigsmark and 
Gorlin, 1976). In deaf-mutism, the ear abnor- 
mality is usually perceptive in type. This 
condition may occur with several other head 
and neck abnormalities as a part of the first 
arch syndrome (see Fig. 10-12). 

Rubella infection during the critical period 
of embryonic development of the ear, partic- 
ularly during the seventh and eighth weeks, 
can also cause maldevelopment of the organ 
of Corti (Gray, 1959). Congenital deafness 
may be associated with maternal goiter, 
which may result in fetal hypothyroidism 
(Thould and Scowen, 1964). 

Congenital fixation of the stapes results in 
severe conductive deafness in an otherwise 
normal ear. Failure of differentiation of the 
anular ligament results in fixation of the 
stapes to the bony labyrinth. Defects of the 
malleus and incus are often associated with 
the first arch syndrome (see Fig. 10-12). 

Auricuiar Abnormalities. There is a 
wide normal variation in the shape of the 
auricle. Minor variations of the auricle may 
be clues to serious congenital malformations, 
e.g., renal disorders (Smith, 1976). The 
auricles are often abnormal in shape and low- 
set in maiformed infants (see Figs. 10-12 
and 17-7); in infants afflicted with chromo- 
somal syndromes (see Table 8-1 and Fig. 
8-4); and in infants affected by maternal 
ingestion of certain drugs (see Fig. 8-16C). 

Auricular appendages, or tags (Fig. 19- 
18), are relatively common and resuit from 
the development of accessory auricular hil- 
locks. They usually appear anterior to the 
auricle, more often unilaterally than bilater- 
ally. The appendages consist of skin, but 
they may also contain cartilage. 

Absence and hypoplasia of the auricle are 
rare and are usually associated with the first 
arch syndrome. Anotia results from failure of 
the auricular hillocks to develop, and micro- 
tia results from suppressed development of 
the auricular hillocks. Atresia of the external 
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Figure 19-18 Photograph of a child with two 
auricular appendages, or tags, which result from the 
formation of accessory auricular hillocks. (From 
Swenson, 0.: Pediatric Surgery. 1958. Courtesy of 
Appleton-Century-Crotts, Inc.) 


acoustic meatus and middle ear abnormali- 
ties are usually also present. 


Auricular Sinus and Fistula (see Fig. 10- 
$F). These sinuses are usually preauricular and 
are commonly located in a triangular area anterior 
to the auricle. The sinuses are usually narrow 
tubes or pits that end blindly and have pinpoint 
external openings. Some sinuses may contain a 
vestigial cartilaginous mass at their base. 

The embryological basis of these sinuses is 
uncertain, but some may be related to defective 
closure of the dorsal part of the first branchial 
groove. Other auricular sinuses appear to repre- 
sent ectodermal folds that are sequestered during 
formation of the auricle (Gray and Skandalakis, 
1972). Auricular fistulas connecting the exterior 
with the tympanic cavity or the intratonsillar cleft 
are extremely rare. 

Atresia of the External Acoustic Meatus. 
Blockage of the meatus results from failure of 
the meatal plug to canalize. Usually, the deep 
part of the meatus 1s open, but the superficial 
part is blocked by bone or fibrous tissue. Most 
cases are associated with the first arch syndrome. 
Often, abnormal development of both the first 
and second branchial arches is involved. The 
auricle is also usually severely affected and 
malformations of the middle or the inner ear 
are sometimes present, Atresia of the external 
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acoustic meatus usually results from autosomal 
dominant inheritance, but it may also be caused 
by environmental factors. 


SUMMARY 


The eyes and the ears begin to develop 
during the fourth week. These special sense 
organs, particularly the eyes, are very sensi- 
tive to the teratogenic effects of conditions 
such as viral infections. The most serious 
defects result from disturbances of develop- 
ment during the fourth to eighth weeks, but 
defects of sight and hearing may result from 
infection of tissues and organs by certain 
microorganisms during the fetal period. 

The Eye. The first indications of the 
eyes are the optic suici. Soon, these sulci 
form a pair of optic vesicles on each side of 
the forebrain. The optic vesicles contact the 
surface ectoderm and induce development of 
the lens placodes, the primordia of the 
lenses, As the lens placodes invaginate to 
form lens vesicles, the optic vesicles invagi- 
nate to form optic cups. The retina forms 
from the two layers of the optic cup. 

The retina, the optic nerve fibers, the iris 
muscles, and the epithelium of the ins and 
ciliary body are derived from the neuroec- 
toderm. The surface ectoderm gtves rise to 
the lens, the epithelium of the lacrimal glands 
and ducts, the eyelids, the conjunctiva, and 
the cornea. The mesoderm gives rise to the 
eye muscles (except those of the irts}, and to 
all connective and vascular tissues of the 
comea, iris, ciliary body, choroid, and 
sclera. The sphincter and dilator muscles of 
the iris develop from the ectoderm of the 
Optic cup. 

There are many congenital ocular malfor- 
mations, but most of them are rare. Some 
malformations are caused by defective clo- 
sure of the optic fissure. Congenital cataract 
and glaucoma may result from intrauterine 
infections (e.g., rubella virus) or from a 
genetic disorder. 

The Ear. The surface ectoderm gives 
rise to the otic vesicle, which becomes the 
membranous labyrinth of the internal ear. 
The otic vesicle divides into (1) a dorsal 
utricular portion, which gives rise to the 
utricle, the semicircular ducts, and the en- 
dolymphatic duct; and (2) a ventral saccular 
portion, which gives rise to the saccule and 
the cochlear duct. The organ of Corti devel- 
ops from the cochlear duct. The bony laby- 


rinth develops from the surrounding mes- 
enchyme. 

The epithelium lining the tympanic cavity, 
the mastoid antrum, the mastoid -air cells, 
and the auditory tube are derived from the 
endoderm of the tubotympanic recess of the 
first pharyngeal pouch. The auditory ossicles 
(malleus, incus, and stapes) develop from the 
cartilages of the first two branchiai arches. 

The epithelium of the external acoustic 
meatus develops from ectederm of the first 
branchial groove. The tympanic membrane 
is derived from (1) the endoderm of the first 
pharyngeal pouch, (2) the ectoderm of the 
first branchial groove, and (3) the mesen- 
chyme between these layers. The auricle 
develops from six auricular hillocks, or 
swellings, around the first branchial groove. 
These fuse to form the definitive auricle. 

Congenital deafness may result from ab- 
normal development of the membranous la- 
byrinth and/or the bony labyrinth, as well as 
from abnormalities of the ossicles. Recessive 
inheritance is the most common cause of 
congenital deafness, but prenatal rubella 
virus infection is a major environmental fac- 
tor known to cause defective hearing. There 
are many minor, clinically unimportant an- 
omalies of the auricle. Low-set, malformed 
ears are often associated with chromosomal 
abnormalities, particularly trisomy 18 and 
trisomy 13 (see Chapter 8). 
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cally significant congenital malformations of the eye 
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FEES 


The answers to these questions are given at the back of the book. 
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CLINICALLY ORIENTED PROBLEMS 


1. An infant was born blind and deaf and with congenital heart disease. The 
mother had a viral infection early in her pregnancy. Considering the congeni- 
tal malformations present, name the virus that was probably involved. What is 
the common congenital cardiovascular lesion found in infants whose 
mothers have this infection early in pregnancy? Is the history of a rash during 
the first trimester an essential factor in the development of embryopathy? 

2. An infant was born with bilateral ptosis, or drooping of the upper eyelids. 
What is the embryological basis of this condition? Are hereditary factors 
involved? Injury to what nerve could also cause ptosis? 

3. An infant had small, multiple calcifications in the brain, microcephaly, and 
microphthaimia. The mother was known to have a fondness for raw and rare 
meat. What protozoon might be involved? What is the embryological basis of 
the infant’s congenital malformations? What advice might the doctor give the 
mother concerning future pregnancies? 

4. A mentally retarded female infant had /ow-set ma/formed ears, a prominent 
occiput, and rocker-bottom feet. A chromosomal abnormality was suspected. 
What type of aberration was probably present? What is the usual cause of this 
abnormality? How long would the infant likely survive? 

5. An infant was born with partial detachment of the retina in one eye. The eye 
was microphthalmic (small), and there was persistence of the posterior end of 
the Ayaloid artery. What is the embryological basis of detachment of the 
retina? What is the usual fate of the hyaloid artery? 
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THE INTEGUMENTARY 
SYSTEM 


The Skin, the Cutaneous Appendages, and 


SKIN 


The skin consists of two morphologically 
different layers that are derived from two 
different germ layers. The more superficial 
layer, the epidermis, is a specialized epitheli- 
al tissue derived from surface ectoderm (Fig. 
20-1}. The deeper and thicker layer, the 
dermis, 1s composed of vascular dense con- 
nective tissue derived from mesenchyme. 

Enpidermis (Fig. 20-1). The surface ec- 
todermal cells proliferate and form a superfi- 
cial protective layer of simple squamous 
epithelium, the periderm. The cells of this 
layer continually undergo keratinization and 
desquamation and are replaced by cells aris- 
ing from the basal layer. The exfoliated cells 
form part of the vernix caseosa, a white, 
cheese-like, protective substance that covers 
the fetal skin. The other components of 
vernix caseosa are sebum from the seba- 
ceous glands, fetal hair, and desquamated 
cells from the amnion. The basal layer of the 
epidermis is later called the stratum germin- 
ativum because it produces new cells that are 
displaced into the layers superficial to it. 

By about 11 weeks, cells from the stratum 
germinativum have formed an intermediate 
layer (Fig. 20-1C). All layers of the adult 
epidermis are present at birth (Fig. 20-1D). 
Replacement of peridermal celis continues 
until about the twenty-first week; thereafter, 
the periderm gradualiy disappears. The des- 
quamated epidermal cells then form part of 
the vernix caseosa; this substance persists 
until birth. 


Proliferation of cells in the stratum germina- 
tivum also forms downgrowths called epidermal 
ridges, which extend into the developing dermis 
(Fig. 20-1C). These ridges are permanently es- 
tablished by the seventeenth week (Hale, 1952). 
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Figure 20-1 Drawings illustrating successive 
stages in the development of thick skin. A, Four 
weeks, B, Seven weeks. C, 11 weeks. D, Newborn. 
Note the position of the melanocytes in the basal 
layer of the epidermis and the way their branching 
processes extend between the epidermal cells to 
supply them with melanin. 
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The epidermal ridges produce ridges and grooves 
on the surface of the palms, including the fingers, 
and on the soles of the feet, including the toes. 
The type of pattern is determined genetically and 
constitutes the basis for using prints in criminal 
investigations and medical genetics. The study of 
the patterns of the epidermal ridges of the skin is 
called dermatoglyphics. The presence of abnor- 
mal chromosome complements affects the devel- 
opment of the ridge patterns; for example, infants 
with Down syndrome have distinctive patterns on 
the hands and feet that are of diagnostic value (see 
Chapter 8). For details about the use of derma- 
toglyphics in medical genetics, see Uchida and 
Summit (1979). 

During the early fetal period, melanoblasts 
migrate from the neural crest to the der- 
moepidermal junction, where they differen- 
tiate into melanocytes (see Figs. 18-8 and 
20—1D). The melanocytes, unlike the rela- 
tively round melanoblasts and premelano- 
cytes, have several long processes. The cell 
bodies of the melanocytes are usually con- 
fined to the basal layers of the epidermis, but 
the processes of melanocytes extend for 
some distance between the epidermal cells 
(Fig, 20-1 D), 

The melanocytes begin producing melanin 
before birth and distribute it to the epidermal 
cells. Active pigmentary activity can be ob- 
served prenatally in the epidermis of dark- 
skinned races, but there is little evidence of 
such activity in white fetuses. 

Dermis (Fig. 20-1). The dermis ts 
derived from the mesenchyme underlying 
the surface ectoderm. Most of the mesen- 
chyme of the dermis originates from the 
somatic layer of lateral mesoderm (see Chap- 
ter 4), but some mesenchyme is derived from 
the dermomyotome regions of the somites 
(see Chapter 15). 

By 11 weeks, the mesenchymal cells have 
begun to produce collagenous and elastic 
connective tissue fibers (Fig. 20-1D). As the 
epidermal ridges form, the dermis projects 
upward into the epidermis and forms dermal 
papillae. Capillary loops develop in some 
dermal papillae, and sensory nerve endings 
form in others. 

The first blood vessels in the dermis begin 
as simple endothelium-lined structures that 
differentiate from the mesenchyme. As the 
skin grows, new capillaries grow (bud) out 
from the simple vessels. Some of these capil- 
laries acquire muscular coats through dif- 
ferentiation of myoblasts from the surround- 
ing mesenchyme and become arterioles and 


arteries; others, through which a return flow 
of blood is established, acquire muscular 
coats and become venules and veins. As new 
blood vessels form, some transitory ones 


~ normally disappear. 


CONGENITAL ABNORMALITIES OF 
SKIN 


Disorders of Keratinization. Ichthyosis 
(Gr. ichthys, fish) is a general term applied to 
a group of disorders characterized by dry- 
ness and fishskin-like scaling of the skin. 
Scaling ts often pronounced, involving the 
entire body surface. 

A harlequin fetus results from a very rare 
keratinizing disorder that is inherited as an 
autosomal recessive trait (Vaughan et al., 
1979). The skin is markedly thickened, 
ridged, and cracked. Affected infants have a 
grotesque appearance, and most of them die 
within the first week of life. 

A collodion baby 1s covered at birth by a 
thick, taut membrane resembling collodion, 
This membrane cracks with the first respira- 
tory efforts and begins to fall off in large 
Sheets, but complete shedding may take sev- 
eral weeks. 

Lamellar ichthyosis (Fig. 20-2), an auto- 
somal recessive disorder, is present at birth. 
A newborn infant with this condition may 
first appear to be a “‘collodion baby,” but 
the scaling persists and involves the entire 
body. Growth of hair may be curtailed, and 
development of the sweat glands is often 
impeded. Affected infants often suffer in 
hot weather, owing to their inability to sweat. 


Congenital Ectodermal Dysplasia. In this 
rare hereditary disorder, there is partial failure of 
the epidermis and its appendages to develop. In 
severe cases, there are dental abnormalities and 
absence of hairs (Moynahan, 1971). 

Angiomatous Malformations of the 
Skin. These vascular malformations pre- 
sent developmental flaws in which some 
transitory and/or surplus primitive vessels 
persist and, possibly, enlarge. These an- 
giomatous malformations are often called 
angiomas, even though they may not be true 
tumors. Those composed of blood vessels 
may be mainly arterial, mainly venous, or 
mainly cavernous, but most often they are of 
a mixed type. Ones composed of lymphatics 
are often called lymphangiomas, or cystic 
hygromas (see Chapter 14). True angiomas 
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are benign tumors of endothelial cells, usual- 
ly composed of solid or hollow cords; the 
hollow cords contain blood. 

Various terms are used to describe an- 
giomatous malformations. Nevus fammeus 
is used to denote a flat, pink or red, flame- 
like blotch that often appears on the posteri- 
or surface (nape) of the neck. Nevus is nota 
good term because it is derived from the 
Latin word meaning mole, or birthmark, 
which may or may not be an angioma. It may 
be a melanoma. 

A port-wine stain is a larger and darker 
angioma than the type previously described 
and is nearly always anterior or lateral, not 
posterior. It is sharply demarcated by the 
midline when it occurs near the median 
plane, whereas the common angioma 
(pinkish-red blotch on the nape) may cross 
the midline of the neck. A port-wine stain in 
the area of distribution of the trigeminal 
nerve (CN V) is sometimes associated witha 
similar type of angioma on the surface of the 
brain (Sturge-Weber syndrome). 


Aibinism. In generalized albinism, which is 
an autosomal recessive trait, the skin, hair, and 
retina lack pigment, but the iris usually shows 
some pigmentation. The condition results when 
the melanocytes fail to produce melanin because 
of lack of the enzyme tyrosinase, except for small 


Figure 20-2 Photograph of infant with /a- 
meHar ichthyosis, a congenita! disorder of 
keratinization characterized by pronounced 
scaling that involves the entire body. (From 
Vaughan, V. C., McKay, R. J., and Behrman, R. 
E,: Nelson Textbook of Pediatrics. 11th ed. 
Phitadelphia, W. B. Saunders Co., 1979.) 


amounts in the iris. In localized albinism, or 
piebaldism, which is an autosomal dominant trait, 
there is a lack of melanin in patches of skin and/or 
hair. 

Absence of Skin.. In rare cases, small areas 
of skin fail 1o form, giving the appearance of 
ulcers. The area usually heals by scarring unless 
a skin graft is performed. Absence of patches of 
skin is most common in the scalp. 


HAIR 


Hairs begin to develop early in the fetal 
period, but they do not become readily 
visible until about the twentieth week (see 
Fig. 6-1). Hairs are first recognizable on the 
eyebrows, upper lip, and chin. 

A hair follicle begins as a solid down- 
growth of the stratum germinativum of the 
epidermis and extends into the underlying 
dermis (Fig. 20-34). The deepest part of the 
hair bud soon becomes club-shaped, forming 
a hair bulb (Fig. 20-3B). The epithelial cells 
of the hair bulb constitute the germinal ma- 
trix, which later gives rise to the hair. The 
hair bulb is then invaginated by a small 
mesenchymal hair papilla (Fig. 20-3C). The 
peripheral cells of the developing hair follicle 
form the epithelial root sheath. The sur- 
rounding mesenchymal cells differentiate 
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Figure 20-3 Drawings 
stages in the devetopment of a hair and its associat- 
ed sebaceous gland. A, 12 weeks. 8, 14 weeks. C, 16 
weeks, D, 18 weeks. 


showing successive 


into the dermal (connective tissue) root 
sheath (Fig. 20-3D). 

As the cells in the germinal matrix prolif- 
erate, they are pushed upward and become 
keratinized to form the fair shaft (Fig. 20- 
3C). The hair grows through the epidermis 
and protrudes above the surface of the skin. 
Melanoblasts migrate into the hair bulb and 


differentiate into melanocytes. Melanin pro- 
duced by these cells is transferred to the 
hair-forming cells in the germinal matrix be- 
fore birth. 


The first hairs that appear, called Janugo (L. 
lana, fine wool), are fine and colorless. These 
hairs are replaced during the perinatal period by 
coarser hairs, called vellus €L. vellus, fleece, or 
coarse wool). This hair persists over most of the 
body, except in the axillary and pubic regions, 
where it is replaced at puberty by coarse terminal 
hairs. In males, similar terminal hairs also appear 
on the face and often on the chest. The arrecfor 
pili muscle, a small bundle of smooth muscle 
fibers, differentiates from the surrounding me- 
senchyme and becomes attached to the connec- 
tive tissue sheath of the follicle and the papillary 
layer of the dermis. The arrector pili muscles, the 
erectors of the hairs, are poorly developed in the 
hairs of the axilla and in certain parts of the face. 
The hairs forming the eyebrows and the cilia 
forming the eyelashes have no arrector pili mus- 
cles. 


CONGENITAL ABNORMALITIES OF 
HAIR 


Congenital Alopecia (Atrichia Congenita). 
Fetal absence or loss of hair may occur alone or 
with other abnormalities of the skin and its deriva- 
tives. The hair loss may be caused by failure of 
hair follicles to develop or may result from folli- 
cles producing poor quality hairs. 

Hypertrichosis. Excessive hairiness results 
from the development of supernumerary hair folli- 
cles, or from the persistence of hairs that normally 
disappear during the fetal period. Localized hy- 
pertrichosis is often associated with spina. bifida 
occulta (see Fig. 18-12A). 


GLANDS OF THE SKIN 


Two kinds of glands occur in the skin: sebace- 
ous glands and sweat glands, 

Sebaceous Glands (Fig. 20-3). Most of 
these glands develop as buds from the side of the 
developing epithelial root sheath of a hair follicle 
(Fig. 20-3C). The glandular buds grow into the 
surrounding connective tissue and branch to form 
the primordia of several alveoli and their associat- 
ed ducts (Fig. 20-3D). The central cells of the 
alveoli subsequently break down, forming an oily 
secretion called sebum. The sebum is extruded 
into the hair follicle and onto the surface of the 
skin, where it mixes with desquamated peridermal 
cells to form vernix caseosa. Sebaceous glands 
independent of hair follicles (e.g., in the glans 
penis and labia minora) develop in a similar man- 
ner from buds of the epidermis. 

Sweat Glands (Fig. 20-4). Most sweat 
glands develop as solid epidermal downgrowths 
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Figure 20-4 Diagrams illustrating successive stages in the development of a sweat g/and. 


that extend into the underlying dermis. As the bud 
elongates, its end becomes coiled, forming the 
primordium of the secretory portion of the gland, 
and the epithelial attachment of the developing 
gland to the epidermis forms the primordium of 
the duct. The central celis of these primordia 
degenerate, forming a lumen. The peripheral cells 
of the secretory portion of the gland differentiate 
into secretory and myoepithelial cells. These 
cells, derived from ectoderm, are thought to be 
specialized smooth muscle ceils that aid in ex- 
pelling sweat from the glands. 

The distribution of the large sweat glands in 
humans is very limited; these glands are mostly 
confined to the axilla, the pubic region, and the 
areolae of the breasts. They develop from the 
downgrowths of the stratum germinativum of the 
epidermis that give rise to hair follicles. As a 
result, the ducts of these glands open. not onto 
the skin surface as do ordinary sweat glands, but 
into hair follicles above the openings of the se- 
baceous glands. 


NAILS 


Toenails and fingernails begin to develop at the 
distal ends of the digits at about 10 weeks (Fig. 
20-5). Development of the fingernails precedes 
that of the toenails. The nails first appear as 
thickened areas of the developing epidermis on 
the dorsal aspect of each digit. These nail fields 
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Figure 20-5 Diagrams illustrating successive stages in the development of a fingernail. 


are surrounded laterally and proximally by folds 
of epidermis called nail folds. Cells from the 
proximal nail fold grow over the nail field and 
become keratinized to form the nail, or nail plate. 
At first, the developing nail is covered by superfi- 
cial layers of epidermis called the eponychium. 
This later degenerates, except at the base of the 
nail, where it persists and is sometimes called the 
cuticle. The skin under the free margin of the nail 
is called the Ayponychium. The fingernails reach 
the fingertips by about 32 weeks; the toenails 
reach the toe tips by about 36 weeks. 


CONGENITAL ABNORMALITIES OF 
NAILS 


Anonychia. Partial or complete absence of 
nails may occur, but this condition is extremely 
rare. Anonychia results from failure of the nail 
fields to form or from failure of the nail folds to 
give rise to nails. The abnormality is permanent. 
It may be associated with congenital absence or 
extremely poor development of the hair, and with 
anomalies of the teeth, 


MAMMARY GLANDS 


The mammary glands first begin to devel- 
op during the sixth week as solid down- 
growths of the epidermis that extend into the 
underlying mesenchyme (Fig. 20-6C). 
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Figure 20-6 Drawings iilustrating development of the memmery giands. A, Ventrel view of an embryo 
during stege 13 (about 28 days), showing the mammary ridges, 8, Similar view at six weeks, showing the 
remains of these ridges, C, Trensverse section through the trunk and the mammary ridge et the site of a 
developing mammary gland. D, &, and F, Similar sections showing successive steges of development between 


the twelfth week and birth, 


These downgrowths occur along the mam- 
mary ridges, two thickened strips of ec- 
toderm that extend from the axillary to the 
inguinal regions, These epithelial ridges ap- 
pear during the fourth week, but disappear 
in humans except in the pectoral area. 

Each primary mammary bud soon gives 
rise to several secondary buds that develop 
into lactiferous ducts and their branches 
(Fig. 20-6D and E). The fibrous connective 
tissue and fat develop from the surrounding 
mesenchyme. During the late fetal period, 
the epidermis at the origin of the mammary 
gland becomes depressed, forming a shallow 

mammary pit (Fig. 20-6£). The nipple forms 
during the perinatal period as the result of 
proliferation of mesenchyme underlying the 
areola, a circular area of skin around the 
nipple. The nipples are poorly formed and 
often depressed in newborn infants. Soon 
after birth, the nipples are raised from the 
shallow mammary pits by the proliferation 
of the surrounding connective tissue. 


The mammary glands of newborn males and 
females are often enlarged, and some secretion, 
often called ‘‘witch’s milk,’’ may be produced. 
These transitory changes are caused by maternal 
hormones passing into the fetel circulation 
through the placental membrane. Only the main 
ducts are formed at birth, and the mammary 
glands remain underdeveloped until puberty, In 
females, the glands then enlarge rapidly (Fig. 
20-7), mainly because of fat and other connective 
tissue development. Growth of the duct system 
also occurs under the influence of estrogen and 
progesterone secreted by the ovaries at puberty. 

If pregnancy occurs, the glandular tissue 
becomes completely developed, and the in- 
tralobular ducts undergo rapid development, 
forming buds that become alveoli, The mam- 
mary glands in males normally undergo little 
postnatal development. Estrogen given to 
males tends to make their rudimentary mam- 
mary glands develop into the feminine type. 

Gynecomastia (Gr. gyné, woman + mastos, 
breast) may also be associated with Kline- 
felter syndrome (see Chapter 8). 
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Figure 20-7 Sketches showing _ progressive 
stages in the postnatal development of the female 
breast. A, Newborn. 8, Child. C, Early puberty. D, 
Late puberty. £, Young adult. F, Pregnant female. 


CONGENITAL ABNORMALITIES OF 
MAMMARY GLANDS 


Absence of the Nipple (Athelia) and Ab- 
sence of the Breast (Amastia). These rare 
congenital abnormalities may occur bilaterally or 
unilaterally. They result from failure of develop- 
ment or from complete disappearance of the mam- 
mary ridge(s). These conditions may also result 
from failure of a mammary bud to form. 

Apiasia of the Breast. The breasts of a post- 
pubertal female often differ somewhat in size. 
Slight differences in size are not congenital mal- 
formations, but marked differences are regarded 
as deformities because both glands are exposed to 
the same hormones at puberty. In these cases, 
there is often associated rudimentary develop- 
ment of muscles, usually the pectoralis major. 

Supernumerary Breasts and Nipples (Figs. 
20-8 and 20-9). An extra breast (polymastia) 
or nipple (polythelia) occurs in about | per cent of 
the female population and is an inheritable condi- 
tion (Haagensen, 1967). Supernumerary nipples 
are also relatively common in males. Often, they 
are mistaken for moles (nevi). An extra breast or 
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Figure 20-8 Photograph of an aduit female with 
a supernumerary nipple on the right (arrow) and a 
supernumerary breast below the normal left one. 
(From Haagensen, C. D.: Diseases of the Breast. 2nd 
ed. Philadelphia, W. B. Saunders, Co., 1971.) 
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Figure 20-9 Photograph of an adult male with 
bilateral nipples in the axillary and thigh regions. The 
inset photographs are enlargements of the Nipples 
on the teft (arrows). The broken line indicates the 
origina! position of the left mammary rldge, aiong 
which the extra nippies have developed. {Courtesy of 
Dr. Kunwar Bhatnagar, Department of Anatomy, Uni- 
versity of Louisville, Louisville, Ky.) 


nipple usually develops just inferior to the normal 
breast, 

Less commonly, extra mammary glands appear 
in the axillary or abdominal regions. In these 
positions, the extra nipples or breasts develop 
from extra mammary buds along the mammary 
ridges. They usually do not become obvious until 
pregnancy occurs. About one third of affected 
persons have two extra nipples or breasts. Very 
rarely, supernumerary mammary tissue occurs in 
a jocation other than along the course of the 
mammary ridges and probably develops from 
tissue that was displaced from the mammary 
ridge. 

Inverted Nipples. Sometimes, the mammary 
pit in which the nipple is located prenatally (Fig. 
20-7) fails to become elevated above the skin 
surface. This inverted nipple may make breast 
feeding of an infant difficult. 


TEETH 


Two sets of teeth normally develop: the 
primary dentition, or deciduous teeth, and 
the secondary dentition, or permanent 
teeth. 

Each tooth develops from ectoderm and 
mesoderm. The enamel! is derived from ec- 
toderm of the oral cavity; all other tissues 
differentiate from the associated mesen- 
chyme. 
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Figure 20-10 Diagrammatic sketches of sagittal sections through the developing jaws, illustrating early 
development of the teeth. A, Early in the sixth week, showing the dental lamina. 8, Later in the sixth week, 


showing a tcoth bud arising from the dental lamina. 


Tooth development appears to be initiated 
by the mesenchyme’s inductive influence on 
the overlying ectoderm. Present evidence 
indicates that this mesenchyme is of neural 
crest origin. Tooth development ts a continu- 
ous process, but it is usually divided into 
stages (bud, cap, and bell stages) based upon 
the appearance of the developing tooth. Not 
all teeth begin to develop at the same time. 
The first tooth buds appear in the anterior 
mandibular region; later, tooth development 
occurs in the anterior maxillary region, and 
then it progresses posteriorly in both jaws. 
Tooth development continues for a number 
of years after birth (Table 20-1). 

The Dental Lamina and the Bud Stage. 
The first indications of tooth development 
appear in histological sections early in the 
sixth week as thickenings of the oral epitheli- 
um, a derivative of the surface ectoderm 
(Figs. 20-104 and 20-11A). The epithelium 
folds into the underlying mesenchyme. 
These U-shaped bands, called dental lami- 
nae, follow the curve of the primitive jaws. 
Localized proliferations of cells in the dental 
laminae produce round or oval swellings 
called tooth buds (Figs. 20-108 and 20-118), 
which grow into the mesenchyme. These 
tooth buds, sometimes called term germs, 
develop into the first teeth, called deciduous 
teeth because they are shed during child- 
hood. There are 10 tooth buds in each jaw, 
one for each deciduous tooth. 

The tooth buds for the permanent teeth 
with deciduous predecessors begin to appear 
at about 10 fetal weeks from deeper continu- 
ations of the dental lamina, and they: lie 
lingual to the deciduous tooth buds (Fig. 
20-11D). The permanent molars that have no 
deciduous predecessors develop as buds 
from backward extensions of the dental 1a- 


minae. The tooth buds for the permanent 
teeth appear at different times, mostly during 
the fetal period. The buds for the second and 
third permanent molars, however, appear 
after birth (about the fourth month and fifth 
year, respectively). 

The Cap Stage (Figs. 20-11C and 20- 
12). The deep surface of each tooth bud 
soon becomes slightly invaginated by a mass 
of condensed mesenchyme called the dental 
papilla, on which the tooth bud sits like a 
cap. The mesenchyme of the dental papilla 
gives rise to the dentin and the dental pulp. 
The ectodermal portion of this cap-shaped 
developing tooth is called an enamel organ 
because it later produces enamel. The outer 
cellular layer of the enamel! organ is called 
the outer enamel epithelium, and the inner 
cellular layer lining the ‘‘cap’’ is called the 
inner enamel epithelium, The central core of 
loosely arranged cells between the layers of 
enamel epithelium is called the enamel re- 
ticulum (stellate reticulum). 

As the enamel organ and the dental papilla 
form, the mesenchyme surrounding them 
condenses and forms a capsule-like structure 
called the dental sac, or follicle (Fig. 20-11E 
and fF), which will give rise to the cementum 
and the periodontal ligament. 

The Bell Stage (Figs. 20-11D and E, 20- 
12, and 20-13). As the enamel organ dif- 
ferentiates, the developing tooth assumes 
a bell shape. The mesenchymal cells in the 
dental papilla adjacent to the inner enamel! 
epithelium differentiate into odontoblasts. 
These cells produce predentin and deposit it 
adjacent to the inner enamel epithelium. 
Later, the predentin calcifies and becomes 
dentin. As the dentin thickens, the odon- 
toblasts regress toward the center of the 
dental papilla, but cytoplasmic processes of 
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Figure 20-11 Schematic drawings from sagittal sections, showing successive stages in the development 
and eruption of an incisor tooth. A, Six weeks, showing the dental lamina. 8, Seven weeks, showlng the bud 
stage of tooth development. C, Eight weeks, showing the cap stage of development of the enamel organ. D, 10 
weeks, showing the early bel! stage of the enamel organ of the deciduous tooth and the bud stage of the 
developing permanent tooth. F, 14 weeks, showing the advanced bell stage of the enamel organ. Note that the 
connection (dental lamina) of the tooth to the oral epithelium is degenerating. F, 28 weeks, showing the enamel 
and dentin layers. G, Six months postnatal, showing early tooth eruption. H, 18 months postnata/, showing a 
fully erupted deciduous incisor tooth. The permanent incisor tooth now has a well-developed crown. /, Section 


through a developing tooth, showing the ameloblasts (enamel producers) and the odontoblasts (dentin pro- 
ducers}. 
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Figure 20-12 Left: Photomicrograph of a developing tooth in the early bell stage of development, showing 
the enamel organ attached to the oral mucosa by the dental lamina (x 100). Compare with Figure 20-110 and 
D. Right: Photomicrograph of a developing tooth in the late bell stage with ameloblasts (Inner enamel epi- 
thelium, A) differentiated end in contact with odontoblasts (0). Compare with Figure 20-110, (From Leeson, 
C. R., end Leeson, T. S.: Histology. 4th ed. Philadelphia, W. B. Seunders Co., 1981.) 


the odontoblasts, called odontoblastic proc- 
esses, remain embedded in the dentin (Fig. 
20-l11F and J). These processes are also 
called Tomes’ dentinal fibers, or processes. 

Cells of the inner enamel epithelium adja- 
cent to the dentin differentiate into amelo- 
blasts. These cells produce enamel in the 
form of prisms (rods) over the dentin. As the 
enamel increases, the ameloblasts regress 
toward the outer enamel epithelium. Enamel 
and dentin formation begins at the tip (cusp) 
of the tooth and progresses toward the future 
root. 

The development of the root begins after 
dentin and enamel formation is well ad- 
vanced. The inner and outer enamel epithelia 
come together in the neck region of the tooth 
and form an epithelial fold called the epitheli- 
al root sheath. This sheath grows into the 
mesenchyme and initiates root formation. 
The. odontoblasts adjacent to this sheath 
form dentin continuous with that of the 
crown. As the dentin increases, it reduces 
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the pulp cavity to a narrow canal through 
which the vessels and nerves pass. 

The inner cells of the dental sac differen- 
tiate into cementoblasts, which produce ce- 
mentum. This is deposited over the dentin of 
the root and meets the enamel at the neck of 
the tooth (the cementoenamel junction). 

As the teeth develop and the jaws ossify, 
the outer cells of the dental sac also become 
active in bone formation. Each tooth soon 
becomes surrounded by bone, except over 
its crown. The tooth is held in its bony 
socket (dental alveolus) by the periodontal 
ligament, a derivative of the dental sac. (Fig. 
20-11G). Some parts of the fibers of this 
ligament are embedded in the cementum; 
other parts are embedded in the bony wall of 
the socket. 

Tooth Eruption (Figs. 20-11G and 20- 
14). The mandibular teeth usually erupt 
before the maxillary teeth, and girls’ teeth 
usually erupt sooner than boys’ teeth. 

As the root of the tooth grows, the crown 
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Figure 20-13 Photomicro- 
graph of a developing tooth at 
the stage during which crown 
formation is well advanced, 
(Compare with Figure 20-11F.) 
Enamel and dentin are present 
with a thin layer of predentin in 
relation to the odontoblasts. 
Note the connective tissue den- 
tal sac enveloping the entire de- 
veloping tooth (x75). Upper 
right insert: A higher magnifica- 
tion of part of the tooth show- 
ing, from left to right, puip, 
odontoblasts, predentin, dentin, 
enamel (b/ack), ameloblasts, 
Stratum intermedium, and 
enamel (stellate) reticulum (x 
175). (From Leeson, C. A., and 
Leeson, T. §.: Histology. 4th ed. 
Philadelphia, W. B. Saunders 
GCo., 1981.) 
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gradually erupts through the oral mucosa. The development of the face is determined 


The part of the oral mucosa around the 
erupted crown becomes the gum, or gingiva. 
Eruption of the deciduous teeth usually 
occurs between the sixth and twenty-fourth 
months after birth (Table 20-1). 

The permanent teeth develop tin a manner 
similar to that just described for deciduous 
teeth. As a permanent tooth grows, the root 
of the corresponding deciduous tooth is grad- 
ually resorbed by osteoclasts. Consequently, 
when the deciduous tooth is shed, it consists 
only of the crown and the uppermost portion 
of the root. The permanent teeth usually 
begin to erupt during the sixth year and 
continue to appear until early adulthood. 


by the development of the paranasal air 
sinuses (see Chapter 10) and by the growth of 
the maxilla and the mandible to accommo- 
date the teeth. It is the lengthening of the 
bony sockets for the teeth that results in the 
increase in the depth of the face during 
childhood.’ 


CONGENITAL ABNORMALITIES OF 
TEETH 


The most common dental abnormality 
present at birth is premature eruption of one 
or more of the deciduous teeth, usually the 
mandibular incisors. Most congenital abnor- 
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Figure 20-14 Photograph of the skull of a child 
in the fourth year, The jaws have been dissected to 
show. the relations of the developing permanent 
teeth (arrows} to the erupted deciduous teeth. 


malities of teeth are not visible at birth 
because the teeth usually do not begin to 
erupt until several months after birth (Table 
20-1). 

Enamel Hypoplasia (Fig. 20-15). Defec- 
tive enamel formation results in grooves, 
pits, or fissures on the enamel surface. These 
defects result from temporary dtsturbances 
in enamel formation. Vartous factors may 
injure the ameloblasts (e.g., nutritional de- 
ficiency, tetracycline therapy, and diseases 
such as measles). 

Rickets during the critical period of perma- 
nent tooth development is the most common 


known cause of enamel hypoplasia. Rickets 
is a condition caused by a deficiency of 
vitamin D, especially during infancy and 
childhood, and is charactertzed by distur- 
bance of normal ossification. 


Abnormalities in Shape (Fig. 20-15A to 
G). Abnormally shaped teeth are relatively com- 
mon. Occasionally, spherical masses of enamel 
called enamel pearis, or drops, are attached to the 
tooth. They are formed by aberrant groups of 
ameloblasts. The maxillary lateral incisor teeth 
may assume a slender, tapering shape (peg- 
shaped lateral incisors). 

Congenital syphilis affects the differentiation of 
the permanent teeth, resulting in screwdriver- 
shaped incisors, with central notches in their 
incisive edges. 

Numerical Abnormalities (Fig. 20-15H and 
f). One or more supernumerary teeth may devel- 
op, or the normal number of teeth may fail to 
form. Supernumerary teeth usually appear in the 
area of the maxillary incisors, where they disrupt 
the position and eruption of normal teeth. The 
extra teeth commonly erupt posterior to the nor- 
mal ones. 

In partial anodontia, one or more teeth are 
absent. Congenital absence of one or more teeth Is 
often a familial trait. In tota/ anodontia, no teeth 
develop; this very rare condition ts usually asso- 
ciated with congenital ectodermal dysplasia. 

Abnormal Size of Teeth, Disturbances dur- 
ing the differentiation of teeth may result in gross 
alterations of dental morphology, e.g., macro- 
dontia (large teeth) and microdontia (small teeth). 

Natal Teeth and Caps. It is not uncommon 
for one or two mandibular inctsors to be erupted 
at birth: Premature eruption of teeth occurs in 
about | of every 2000 newborn infants. Some- 
times, the gingiva (gum) grows over these teeth 
within two or three weeks. Often, prematurely 


TABLE 20-1 ORDER AND TIME OF ERUPTION OF TEETH AND TIME OF 
SHEDDING OF DECIDUOUS TEETH* 





Deciduous Teeth 








Medial Lateral First Second 
incisor incisor Canine Molar Molar. 
Eruption 6 ta 8 § to 10 16 to 20 12 to 16 20 to 24 
(months) 
Shedding eta? 7to8 10 to #2 9 to 11 10 to 12 
(years) 
Permanent Teeth 
Medial Lateral First Second First Second Third 
incisor fnctser Canine Premotar Premoiar Molar Molar Molar 
Eruption 7 to 8 § to 9 10 to 12 10 to 11 tl to 12 6 to 7 iz 13:10 25 
(years) 





*(From Moore, K. L. Clinically Oriented Anatomy. © 1980. Courtesy of Williams & Wilkins Co., Baltimore.) 
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Figure 20-15 Drawings illustrating abnormalities of teeth. A, Irregular raspberry-like crown. 8, Enamel 
pearl and pits. C, Incisor tooth with a double crown. D, Abnormal division of root. E, Distorted root. F, Branched 
root. G, Fused roots. H, Hyperdontia, with a supernumerary incisor tooth in the anterlor region of the palate 
(arrow), /, Hyperdontia, with 13 deciduous teeth in the upper jaw instead of the normal 10. 


erupted teeth are only small, loose, enamel caps 
covering a thin sheet of dentin. The cause of 
premature eruption its unknown, but endocrine 
factors may be involved because this condition 
sometimes occurs in infants with congenital adre- 
nal hyperplasia. 

Fused Teeth (Fig. 20-15C and G). Oc- 
casionally a tooth bud divides or two buds par- 
tially fuse to form fused, or joined, teeth. This 
condition is commonly observed in the mandibu- 
lar incisors of the primary dentition. “Twinning” 
of teeth may result from germination, or division 
of the tooth germ. In some cases the permanent 
tooth does not form; this suggests that the de- 
ciduous and permanent tooth primordia may 
have fused. 

Dentigerous Cyst (Tooth-Bearing Cyst). In 
rare cases, a cyst develops in a mandible, maxilla, 
or maxillary sinus that contains an unerupted 
tooth. The cyst develops owing to cystic degener- 
ation of the enamel reticulum of the enamel organ 
of an unerupted tooth. Most of these cysts are 
deeply situated in the jaw and are associated with 
misplaced or malformed secondary (permanent) 
teeth that have failed to erupt. 

Amelogenesis imperfecta. The enamel is 
soft and friable because of hypocalcification, and 
the teeth are yellow to brown im color. This 
autosomal dominant trait affects about one in 
every 20,000 children. For more details of this 
condition, see Witkop (1965). 

Dentinogenesis Imperfecta (Fig. 20-16). 
This condition is relatively common in white 
children. The teeth are brown to gray-blue with an 


opalescent sheen. The enamel tends to wear down 
rapidly, exposing the dentin. This malformation is 
inherited as an autosomal dominant trait (Thomp- 
son and Thompson, 1980). 

Discolored Teeth. Foreign substances incor- 
porated into the developing enamel will cause 
discoloration of the teeth. The Aemolysis (libera- 
tion of hemoglobin) associated with erythrablas- 
tosis fetalis (see Chapter 7) may produce blue to 
black discoloration of the primary teeth. 

All tetracyclines are extensively incorporated 
into the enamel of teeth; these drugs may produce 
ugly, brownish-yellow discoloration (mottling) 
and even hypoplasia of the enamel because they 
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Figure 20-16 Photograph of the teeth of a child 
with dentinogenesis imperfecta. {From Thompson, J. 
S., and Thompson, M. W.: Genetics in Medicine. 3rd 
ed. Philadelphia, W. B. Saunders Co., 1980.) 
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interfere with the metabolic processes of the 
ameloblasts. The primary teeth are affected if the 
tetracyclines are given from 18 weeks (prenatal) 
to 10 months (postnatal), and the permanent teeth 
are affected from 18 weeks (prenatal) to 16 years. 
Tetracyclines should not be administered to 
pregnant women or to children, if they can be 
avoided, because these drugs adversely affect 
tooth development (Seeman et al., 1980). 


SUMMARY 


The skin and its appendages develop from 
ectoderm and mesoderm. The epidermis and 
its derivatives (hairs, nails, and glands) are 
derived from surface ectoderm. The melano- 
cytes are derived from neural crest cells that 
migrate into the epidermis. The dermis de- 
velops from mesenchyme. Hairs develop 
from downgrowths of the epidermis into the 
dermis. By about 20 weeks, the fetus is 
completely covered with fine, downy hairs 
called lanugo. These hairs are shed before 
birth and are replaced by coarser hairs called 
vellus. The sebaceous glands develop as out- 
growths from the side of hair follicles. The 
sweat glands are developed from epidermal 
downgrowths. Mammary glands also devel- 
op from downgrowths of the epidermis. 

Congenital abnormalities of the skin are 
mainly disorders of keratinization (ichthyo- 
sis) and pigmentation (albinism). Abnormal 
blood vessel development results in various 
types of angiomas. Nails may be absent or 
malformed. Hair may be absent or exces- 
sive. Absence of mammary glands is rare, 
but supernumerary breasts (polymastia) or 
nipples (polythelia) are relatively common. 


The teeth develop from ectoderm and mes- 
oderm. The enamel is produced by cells 
derived from oral ectoderm; all other dental 
tissues develop from mesenchyme. The com- 
mon congenital malformations of teeth are 
defective formation of enamel and dentin, 
abnormalities in shape, and variations in 
number and position. 

Alf tetracyclines are extensively incor- 
porated into the enamel of teeth and produce 
ugly brownish-yellow discoloration and hy- 
poplasia of the enamel. 


SUGGESTIONS FOR ADDITIONAL 
READING 


Moynahan, E, J.. The developmental biology of the 
skin; in J. A. Davis and J. Dobbing (Eds.): Scientific 
Foundations of Paediatrics, Philadelphia, W. B. 
Saunders Co., 1974, pp. 526-543. A treatise on the 
histogenesis of the epidermis, the hair follicles, the 
mammary glands, the sebaceous glands, and the 
sweat glands. Many electron micrographs of the de- 
veloping skin are included. 

Smith, D. W., and Gong, B. T.: Scalp-hair patterning: 
Its origin and significance relative to early brain and 
upper facial development. Teratology 9:17, 1974. 
These clinical teratologists illustrate how aberrant 
scalp-hair patterning may be used as an indicator of 
altered size or shape (or both) of the brain prior to the 
twelfth week. They also describe the normal develop- 
ment of hair follicles and hair patterning. 

Sperber, G. H.: Development of the dentition (odon- 
togenesis}; in Sperber, G. H.: Craniofacial Embryol- 
ogy. 2nd ed, Bristol, John Wright & Sons Ltd. (dis- 
tributed by Year Book Medical Publishers, Inc. Chi- 
cago), 1976, Chapter 18. This chapter gives details of 
tooth development that are of immediate relevance to 
dental students. Written by an eminent oral biologist, 
this developmental account clarifies the structural 
complexities of the teeth and their supporting tis- 
sues. 


CLINICALLY ORIENTED PROBLEMS 


1. A newborn infant had two erupted teeth. What are these teeth called? How 
common is this? In what position do they usually occur? Are they super- 
numerary teeth? What problems and/or danger might be associated with the 
presence of teeth at birth? 

2. The primary dentition of an infant had a brownish-yellow color and some 
hypoplasia of the enamel. The mother recalled that she had been given 
antibiotics during the second trimester of her pregnancy. What is the probable 
cause of the infant's discolored teeth? Dysfunction of what cells would cause 
the hypoplasia of enamel? Would the secondary dentition be discolored? 

3. An infant was born with a small, irregularly shaped, light-red blotch on the 
nape (posterior surface of the neck). /t was fevel with the surrounding skin and 
blanched when light pressure was applied to it. Name this malformation. What 
do these observations probably indicate? Is this condition common? Are 
there other names for this malformation ? 

4. A newborn infant had a midline tuft of hair in the lumbosacral region of the 
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back. What does this probably indicate? Is this condition common? Is it 


clinically important? 


5. Anewborn infant had a collodion type of covering that fissured and exfoliated 
shortly after birth. Later, lamellar ichthyosis developed. Briefly describe this 
condition. Is it common? How is it inherited? 


The answers to these questions are given ai the back of the book. 
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STAGES OF DEVELOPMENT OF 
HUMAN EMBRYO AND FOETUS 


“GENERAL EXTERNAL APPEARANCE AND 
LANDMARKS IN ITS DEVELOPMENT” 


The stages of development of the human 
embryo and foetus from the time of concep- 
tion to the time of birth have been referred to 
in several places in the Qur’an,. The following 
are three texts which state these stages: 
Reference: 
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AXLE, 

13 “We then placed him as a drop 
(Nutfah) in a place of settlement 
firnily fixed”. 

14 “Then We made the drop into an 


‘Alagah (leech-like). And then We 
changed the leech-like structure 
into a Mudghah (chewed-like 
structure), then We made out of 
that Mudghah bones (skeleton, 
Izam). Then We clothed the bones 
with flesh (muscles, Lahm). Then 
We developed out of him another 
creation. 
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LXXV, 

37 “Was he not a drop or part of 
germinal fluid (Nutfah), emmiutted 
or programmed’? 





38 “Then he became ‘Alagah (leech- 
like), then did Allah make (him) 
and then fashioned (straightened 
and smoothed) him”. 

39 “Then of him He made the two 
sexes male and female”. 


( MAG iy pAeONG aK ff ) 


AV cub Meat dynu AY 


LXXXIL, 
7 “Who (Allah) created you, made 
you even and straight”. 
8 “And then modified you. In 


whatever form (facial features) He 
wanted He put you together” 


These texts state the three initial stages as 
“Nutfah”, “Alagah” and “Mudghah”. In the 
last of these stages the bones are created which 
then become “clothed” with muscle. What 
follows then is described as “Nash’ah” in 
which the shaping and modelling is active and 
it’s external appearance develops so that it 
becomes recognizable as human. 

The texts mention stages descriptive of 
external appearance or instead they mention a 
verb which describes an important 
developmental event. The following table 
shows the correlation between the three texts. 
It is noted also that different conjunctions are 
used to indicate the sequence of change in 
shape or sequence of events. In the Arabic 
language the conjunction ( @& ) “Thumma” is 
used when there is a time lag between one 
event and the other, while the conjunction 
(4) “Fa” is used when events follow 
immediately upon one another. 


* This article ts the full text of the paper presented by Abdul-Majeed A. Azzindani & M.Y. Sukkar at the 8th Saudi 


Medical Conference (1983). 
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STAGES LXXXII Al-Infitar 7,8 LXX¥Y Al-Qiyamah, 37-39 XXITT Al-Mu’minun, 13-14 
note 2 ttt se af pee aves sae os 
‘is — \ OSEAN YS Gale e 
1. Nutfah Washe not adroporpartof | We then placed him asa drop 
germinal fluid (Nutfah), (Nutfah) in a place of settle- 
emmitted or programmed. ment firmly fixed. 
ee Oe fee cet hyeeece oh 
lile ~ ¥ adhe Sb aale aebas % 
2. ‘Alagah Then he became ‘Alaqah Then We made the drop into 
(leech-like). an ‘ Alaqah (leech-like). 
eee SE. coat a eae cai ede 
3. Mudghah | Who (Allah) created And did Allah make (create) | And then We changed (crea- 
him. ted) the leech-like structure 
into a Mudghah (chewed- 
like substance). 
sls — a5 aus amram aries 
4. Bones Made you even and And then fashioned (strai- Then We made out of that 
(Izam) stratght... ghtened and smoothed) Mudghah bones (skeleton) 
PD ieerccss (‘Izam). 
ae can OE aN B58 CALL MGS: 
5. Muscles A Ae .... Lhenofhim He made the | Then We clothed the bones 
(Lahm) .... And then modified two sexes male and female. with flesh (muscles, Lahm). 
; you. In whatever form SE SS 
taj - (facial features) He vale Lalo aLial’s 
6. Nash’ah | wanted He put you Then We developed out of htm 





together. another creatton. 


* EXPLANATORY NOTES ON TABLE (1): 


(1) The congruent use of the ¢wo conjunctions, (thummaandfa, 37}: “Thumma* which indicates a slow sequence, is 
used in Al-Mu’minun and Al-Qiyamah between Nutfah and ‘Alagah “Fa”, which indicates order and rapid succession, is 
used in the other stages of the embryo mentioned in the above two surahs. 

Thus the order and rate of development is similar in the two surahs. 

(2) The first and second stages (Nutfah and ‘Alaqah) : These two stages are congruent in Al-Mu’minun and Al-Qiyamah 
and the conjunction “thumma” has been used in both. No mention of these two stages is made in Al-Infitar. 

(3) The third stage (Mudghah) : “Mudghah” (a noun) was used in Al-Mu’ minun to describe the stage which follows the 
“‘Alagah”. This noun ts indicative of the shape. In “Al-Qiyamah” text, the verb ““Khalaga” has been used. This verb 
indicates the events which take place in “Mudghah” stage. “Khalaga” is thus taken to correspond to the begining of the 
development of the various organs during the “Mudghah” stage. 

As the outer appearance of the embryo alters with the changes taking place inside it, then the verb “sawwa” ( s3~ )in 
“Al-Qiyamah” is taken to indicate that the “Mudghah” stage is over. The “Mudghah” has no bones or muscles and 
therefore does not have the human shape. 

Thus the stage of straightening and making the surface of the embryo more even{ «.—‘ ) mentioned in “Al-Qiyamah” 
must therefore, come after “Mudghah” stage. The order of events in “Al-Mu’minun” and “Al-Qiyamah” is the same. 
Thus it is taken that the straighte-ning in “Al-Qiyamah” follows immediately after the “Mudghah” i.e. corresponding to 
the bones “izam” stage in “Al-Mu’minun”. 

“Mudghah” has been described by the verb “Khalaqa” in “Al-Oiyamah” describing the events which take place in it. 
Thus the process of creation is a particular feature of the “Mudghah” while terms like Nutfah and ‘Alaqah have been used 
in the previous stages. In “Surah Al-Haj” the “Mudghah” is again described as formed and unformed ( ize js, ile ). This 
indicates that the process of formation and initiation of various organs is a promi-nent characteristic of this stage. 

Furthermore, by comparing the texts in “Al-Otyamah” and “A)-Infitar”, we find that “Khalg” and straightening are in 
congruent sequence in both texts. This also indicates that “Al-Infitar” text has also started with the mudghah stage by 
using the verb “Khalaga” which is an important characteristic of this stage as explained in the above paragraph. 

+i.sCOnt. 
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This paper sets out to give an explanation of 
the general appearance described in these 
texts. (Taken together the texts compliment 
each other without contradiction, either in 
sequence or substance). 

The description of external appearance of 
each step together with one or more of the 
important developments will be given in 
accordance with the meanings of the texts. 

The Qur’an is for all time; human findings at 
this particular time are not necessarily so. The 
Qur’an addresses all generations with words 
which carry comprehensive factual messages. 
In the context of science, each gencration 
comprehends part of the message tn the hight 
of their own knowledge and the state of 
development of the scientific discipline. It is 
important, however, that before develing into 
correlation studies between the Qur’anic 
statements and modern scientific observation 
that both the meaning of the Qur’an and the 
scientific information should be well 
ascertained. Allah’s mercy and forgiveness is 
beseached for mistakes committed in good 
faith. 

1. “Nutfah“ ( dé: ) 
1.1 External features 
In general this describes a stage where 
the beginnings of a human being are 
found in fluid. “Nutfah” means a drop 
of liquid. 


1.2 Important developments 
At this stage the ovum and sperm meet 
in fluid medium and fertilization takes 
place. Sex is genetically determined; 
still in fluid medium the fertilized 
ovum migrates to the uterus and 
implanation is completed. 


2. “‘Alaqah” ( dis ) 
2.1 External features 
“*Alaqa” means a leech. This term 
presumably describes the external 
appearance of the embryo as well as its 
relationship with the uterus. In this 
case the embryo resembles a primitive 
multicellular organism attached to a 
host and feeding on its blood. 


2.2 Important developments 
Differentiation of external shape intoa 
prolonged creature which resembles. 
that of a leech. The internal organs at 
this stage are primitive e.g. the 
circulatory and the nervous system. 
The heart is represented by a tubular 
organ and some primitive vessels. 
There is also active differentiation in 
the mouth and pharynx. “‘Alaqah” 
survives in water and this stage is also 
bathed in amnion. 


(4) The fourth stage: As explained in the third stage the begining of the bones “Izam” stage corresponds to the stage of 
straightening. Furthermore, Al-Infitar shows that the stage of straightening does not include modification “Ta‘dil” ( jas} 
as this is stated to follow up > straightening. Modification occurs by approaching the human appearance which cannot 
occur at the stage of bones without the presence of the muscle. It can therefore be concluded that Ihe modification stage 
starts with the begining of the clothing with flesh (muscle) slage ( pu «Ls ) Le. it follows the stage of the bones ( -lawl ) 
which corresponds to the straightening stage. This is indicaled by the order of events stated in “Al-Mu’minun” on one 
hand and both “Al-Qiyamah” and “AlI-Infitar” on the other. The Qur’an has therefore used the noun ‘bones’ to indicate 
shape in the first instance and a verb “sawwa” in both the latter surahs to describe an event. The embryo at this stage 
becomes more straight after having been benl (C-shape) and its surface more smooth after having been uneven during the 
“mudghah” stage. 

(5) The fifth stage: In the above discourse it has been mentioned that the begining of lhe stage, clothing with flesh, 
corresponds to the beginning of the modification slage in “Al-Infitar”. This latter stage must correspond to the statement: 
“and We made from it the male and female” in “Al-Oiyamah” because both are preceded by the straightening stage. 
Therefore, the beginning of male and female differentiation corresponds to the stage of clothing with flesh in Al- 
Mu’minun. This is in fact what actually takes place. There is differentiation of the genital ridge into either an ovary or a 
testis at this stage. 

(6) The sixth stage and the continuation of the fifth: Insurah Al-Mu’minun the conjunction “thumma” was used between 
the stage of clothing with flesh and the stage of Nash’ah. However, in “Al-Oiyamah” and “Al-Infitar” no sixth stage is 
mentioned. This indicates that male and female sex differentiation continues to its completion and this is what actually 
happens. The external genital organs differentiate between the 11th and 12th weeks (Arey, L.B. 1974, Developmental 
Anatomy Table: P.107). Similarly “Ta‘dil” or modification of the organs and acquiring of human proportions of the body 
continues to a late stage of pregnancy. 
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3. “Mudghah” 


oral 


D2 


4. Bones stage 
4.1 General features 


( dee ) 

External appearance 

Literally the word “Mudghah” means 

a piece of substance which has been 

chewed. The external appearance of 
this stage of embryonic development 

is, therefore, described as something 

which has no particular fixed features. 

It is characterized by trregularities on 

the surface with depressions and 
bulges. The only fixed feature in a 

“Mudghah” is the mark of a set of 
teeth. It is suggested by the author that 

the row of somites which is 

characteristic of the embryo when it 

starts to show features of rapid shaping 
may be likened to the marks of the 
teeth. 

Important developnients 

At the stage of the “Mudghah” other 
texts use the verbs “Khalaq” (= 

creation, formation, innitiation). This 

means that there is an active process of 
development. Throughout the embryo, 
there is active differentiation in almost 

every system. Another “Ayah” states: 


“ep We “GA wet <3 
( + Aalt ne y dale Sains ee 
rd “= - 


ro 


O48) tl 6) 


“Then out of a_ chewed-like 

substance partly differentiated 

and partly undifferentiated”. 
(Surah Al-Haj, Ayah 5) 


This means that the “Mudghah” 1s 
formed and (yet) unformed. In this 
brief deseription the “Mudghah” has 
been described as showing evidence of 
differention but at the same time it is 
not. Some tissues have differentiated 
and others have not. This ts very 
meaningful in the sense that although 


there is creation of systems going on, 
this process is incomplete and the 
whole thing is just a lump ofirregularly 
shaped tissue. 


ples ale 56) 


The embryo shows wide spread 
development of the skeleton. The 
skeletal system here is represented by 
the wide spread formation of a cartila- 
ginous skeleton. In the correlated texts 
LXXV, 38 and LXXXII, 7 the verb 


“sawwa’ has been used. Research into 
the meaning of this verb has revealed 
that it means straightening (Ibn 
Kathir) from a bent position. 


Ee girl eaalner JS 5) 

: (jis Liat 

VY 4) LU 5) pe (ted 
“Is then one who walks headlong, 
with his face grovelling, better 
guided, or one who walks evenly 

on a Straight way?”. 

(Surah Al-Mulk, Ayah 22) 


Various arabic dictionaries give 
meanings similar to this e.g. removal 
of irregularity: 


BE Sb te Ee SS ced ed Bo» 
« , Bde ~ | 8 Yel as: 0] 
CV4 oe Foe cst ed — yg ybel ) 


(1) The Prophet (peace be upon him) 
is quoted to say that the earth where 
one places the forehead in prayer, can 
be made even by the hand only once. 
{Al-Bukhari, Fath al-Bari, vol. 3, p. 
79) 

(2) Ali (may Allah be pleased with 
him) is quoted to have said that he has 


been ordered by the Prophet (peace be 
upon him) 


Viti ind yy eb yy See pay» 
« . And po 
Cage Raymer LHL SES — hes) 


to make statues featureless and high 

tombs levelled to the ground. 

(Muslim, Kitab al-Janaiz, Bab al-Amr 
Betaswiyat al-Qubur) 


Another implication referred to the 
other interpretations of the Qur’an 
also gives the meaning of the creation 
of the organs. 


4.2 Important developments 


Probably the most important general 
descriptive feature is the straightening 
of the back and the head becoming 
more erect upon the vertebral column. 
It is also seen that the body becomes 
more evenly rounded than in the stage 
of the “Mudgha”. The most important 


development is, therefore, described 
by the verb “sawwa”. 


5. Clothing with muscles 


| 


52 


General features 

The verb “‘addala” ( Jis¢ ) follows 
immediately from “sawwa” and 
indicates further straightening and 
assumption of an erect form. It has also 
been taken to mean that organs 
assume their proper positions and the 
embryo now acquires definite human 
form, 

important developments 

The immediate development following 
upon the spreading of the skeleton is 
described by the verb “Kasa” CXXUIT, 
14) meaning to clothe. This 
presumably means that the muscles 
assume their positions around the 
bones i.e. they take definitive shapes 
and relations. 

Another development mentioned in 
LXXV, 39, is the creation of the male 
and female. This can be taken to refer 
to the differentiation of the gonads 
into ovaries and testes at about the 8th 
week, 

There is no indication of an end of this 
stage it flows directly into the growth 
stage: ‘“Nash’ah” or foetus as 
described below. 


§. “Nash’ah” 


6.1 


6.2 


General features 
This statement indicates the growth of 
the body. 
(0.6 Ab Ge {3 «..) 
V8 Al Oya Bt Fy pe 
“Then We developed out of him 
, another creation”. 
(Surah Al-Mu’minun, Ayah 15) 

The corresponding terms used in the 
other texts have been mentioned 
under 5 above namely the continued 
improvement in the erect form and the 
differentiation of the sexes. 

This statement refers to the external 
appearance of the body and probably 
the face and limbs. Thus, this is a 
continuation of the previous stage 
where the verb “’adala” has been used. 
The head is large to begin with but 
gradually the body overtakes the head 
and becomes better proportioned. 
important developments ‘ 
The conjuction “thumma” ( # ) 
indicates slow progress following upon 





the rapid development of the previous 
stages. Thus ( =! is = another 
creation) is described as a slow 
process. This presumably covers the 
foetal stage. 
The verb ‘“ansha’a” carries two 
meanings (a) to initiate and (b) to 
cause to develop; both of these 
meanings apply to the foetal stage. 
New developments pertaining to the 
first of these meanings are the 
developments taking place in the 
various organ systems; e.g. the kidneys 
are able to secrete urine in the 12th 
week, ossification is wide spread by the 
12th week; the first appearance of hair 
follicles takes place in the 10th week 
and the first appearance of smooth 
muscle in the 12th week; blood cells 
are formed in the bone marrow for the 
first time in the 12th week. 
Other developments pertaining to the 
second meaning are the general 
growth of body and various organs in 
size as well as the structural nature of 
the tissues. The distinction of the 
external genitalia by inspection also 
occurs at about the 12th week. 
t, 0 & ot tee o “ eek 
(BES SHI EIS ) 
v4 a ae alt By hw 
“Then of him He made the two 
sexes male and female”. 
(Surah Al-Qiyamah, Ayah 39) 


The continued modeling of the foetus 
and improvement of its appearance are 
mentioned in the third text: 
(GaAskeeyAgaQas -. 
AGN gil ARES 35 = 
“And then modified you. In 
whatever form (facial features) 
He wanted He put you together”. 
(Surah Al-Infitar, Ayah 7,8) 
It appears, therefore, that the last part 
of each of the three texts mentions one 
aspect of this last stage of 
development, taken together, the 
three texts are found to agree in 
meaning, in the sequence of events and 
in the use of conjunctions which 
indicate the speed at which the various 
stages follow upon one another. They, 
therefore, complement each other in 
the description of the stages of 
development of the human embryo 
and foetus. 


446e 








A NEW SYSTEM FOR CLASSIFYING 
HUMAN DEVELOPMENT 


THE STAGES OF 
DEVELOPING HUMAN EMBRYOS 


Until the 19th century, nothing was known 
about classifying the stages of human 
development. A system of staging human 
embryos was developed around the end of the 
19th century based on alphabetical symbols. 
During the 20th century, numerals were used 
to describe 23 stages of embryonic 
development. This system of numbering the 
stages is not easy to follow and a better system 
would be based on morphological changes. 

In recent years, study of The Qur’an has 
revealed another basis for a classification of 
the stages of the developing embryo which is 
based on easily understood actions and 
changes in shape. It utilizes terms which were 
sent from God to Mohammad the Prophet by 
the Angel Gabriel and recorded in The 
Qur’an. 


THREE MAIN STAGES OF 
DEVELOPMENT ARE DESCRIBED 
The first or drop stage, called the Nutfah 
includes the mixing of the male and female 
fluids, that is, the semen containing sperms 
and the ovum in the follicular fluid and the 
secretions of the uterine tube. 


(a pele. occa ) 
YA OLY! by pe 
“Verily We created man from 
mixtures of germinal drop”. 
(Surah Ad-Dahr, Ayah 2) 


_ The drop stage also includes the fertiliza- 
tion process, formation of the zygote, cleavage 
of the zygote, 


.* bear socsere oh 


“He created a new individual froin 
a ‘Nutfah’ and immediately 
planned or programmed him”. 
(Surah Abasa, Ayah 19) 
and implantation of the blastocyst. 


YYY Al 5s! 3) (. sacs (25S ) 
“Your wives are as atilth unto you” 
(Surah Al-Bagarah, Ayah 223) 


Hence, the drop stage or Nutfah is a useful 
term for describing many early developmental 
processes. 


The second or shaping stage occurs from the 
third to the eighth weeks. As the embryo 
forms, it first has the appearance of a leech (or 
‘alaqah) (15 to 21 days). 


; { od ile Sake 
VE 2!) Spelt by yw 
“Then We created the droplet into a 


leech-like structure’. 
(Surah Al-Mu’minun, Ayah 14) 


eae ve 
Gk 4 ) 


When the somites form during the fourth 
week, the embryo resembles a chewed 
substance (or Mudghah) 


(.. ALSACE...) 
V6 Gi Opel by 
“Then of that leech-like structure 
We made a chewed-like 


substance”. 
(Surah Al-Mu’minun, Ayah 14) 
Later the rudimentary cartilage bones form 
(thei emcaecs...) 
VE Gt Spal 8) pe 
“Then We made out of that 
chewed-like substance bones 


(Skeletal system)”. 
(Surah Al-Mu’minun, Ayah 14) 


and are then clothed by muscles 


Terese (. pee ESS: 3) 
“Then We clothed the bones with 
flesh (muscles)”. 

(Surah Al-Mu’minun, Ayah 14) 


* This article is an abstracl of lhe paper presenled by Keilh L. Moore & Abdul-Majeed A. Azzindani at the 8th Saudi 


Medical Conference (1983). 
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and the embryo takes on a human appearance. 
By the end of the eighth week, the embryo has 
distinctive human features and all its organs 
have begun to deviop. The use of the term 
shaping stage and the substages terms leech, 
chewed substance, bone and clothing by 
muscles are useful because they describes the 
main events that occur during the embryonic 
period. 

During the third or growth stage of prenatal 
development, there is active growth and 
differentiation of the parts and organs of the 
fetus. For example, during the period 
beginning in the ninth week, the external sex 
organs grow and differentiate into male or 
female organs by the end of the twelth week. 
During this period of transformation and 
growth, the cartilagious bones begin to 


undergo ossification to form the bony 
skeleton. 


Ne 3 et ce Calas ur ) 
ee oe Gis asLealS see 
VE Ad Ope ht 0) po 


“Then We cause him to grow and 
come into being and attain the 
definitive (human) form”. 

(Surah ALMu’minun, Ayah 14) 


The use of the term “growth stage” indicates 
the main processes of growth and the changes 
that occur during the fetal period or final 
stages of development before birth, and, 
therefore, 1s a more descriptive term that the 
fetal stage. 


446 g 








ANSWERS TO CLINICALLY 
ORIENTED PROBLEMS 


Chapter 1 


1. The development of a human being begins 
with fertilization, a process by which a 
sperm from a male unites with an ovum 
from a female. 

2. A new human organism ts called a zygote 
at the beginning of its development. 

3. The term conceptus is used when refer- 
ring to an embryo or a fetus and its 
membranes, i.e., the products of concep- 
tion. The term abortus refers to any prod- 
uct or all products of an abortion, ©.g., 
the embryo (or part of it) and/or its fetal 
membranes and placenta (or parts of 
them). 

4. Growth of secondary sexual characteris- 
tics occurs, reproductive functions begin, 
and sexual dimorphism becomes more 
evident. The ages of presumptive puberty 
are 12 years in girls and 14 years in 
boys. 

5. Literally, the term embryology means 
study of the embryo, but ciinically it 
means the study of the embryo and the 
fetus, i.e., the study of prenatal develop- 
ment. The term ontogeny is used to de- 
scribe the series of successive stages of 
development that occur during the com- 
plete life of a person. Teratology is the 
branch of embryology concerned with ab- 
normal development and the factors that 
produce it, e.g., drugs and viruses. 


Chapter 2 


1. Numerical changes in chromosomes arise 
chiefly through the process of nondisjunc- 
tion, either in a mitotic division or in the 
first or second meiotic division. Nondis- 
junction is the failure of two members of a 
chromosome pair to disjoin during an- 
aphase of cell division; as a result, both 
chromosomes pass to the same daughter 
cell. Trisomy 21 (Down syndrome) is the 
most common chromosomal disorder re- 
sulting in congenital malformations. It 
occurs about once in every 800 births. 

. An extra set of chromosomes (triploidy) 
in the embryonic cells would usually re- 
sult from fertilization of an ovum by two 
sperms (dispermy), but it could also result 
from failure of a secondary oocyte to 
discard its second polar body. ~ 

3. Blockage of the uterine tubes resulting 

from infection is one of the major causes 
of infertility in women. Because this con- 
dition prevents secondary oocytes from 


ho 


nN 


coming into contact with sperms, ferti- 
lization cannot occur. 


. Mosaicism results when nondisjunction 


of a pair of chromosomes occurs during 
an early cleavage division of the zygote 
rather than during gametogenesis. As a 
result, the embryo in whom this nondis- 
junction occurs has two or more cell lines 
with different chromosome numbers. 
Such persons are called mosaics. About | 
per cent of Down syndrome patients are 
46/47 mosaics. These patients have rela- 
tively mild stigmata of the syndrome and 
are less retarded than the typical trisomy 
21 patients. These mosaics may be at a 
high risk of having children with Down 
syndrome if the mosaicism affects the 
germ cells (oocytes or spermatogonia). 


Chapter 3 


. Yes, it is reasonable because the patient’s 


uterus and ovaries are not in the x-ray 
beam. The only radiation the ovaries 
would receive would be a negligible and 
scattered amount from the irradiated tho- 
rax. Furthermore, this small amount of 
radiation would be highly unlikely to dam- 
age the products of conception if the 
patient happened to be pregnant. 


. DES appears to affect the endometrium 


by rendering it unsuitable for implanta- 
tion, a process regulated by a delicate 
balance between estrogen and proges- 
terone. The large doses of estrogen given 
to the patient upset this balance. Proges- 
terone makes the endometrium grow 
thick and succulent so that the blastocyst 
may become embedded and be nourished 
adequately. DES pills are referred to as 
“morning after pills’ by laypeople. 


. Over 90 per cent of ectopic pregnancies 


are in the uterine tube, and 60 per cent of 
them are in its ampulla, or infundibulum. 
The doctor would perform a laparotomy 
promptly, removing the uterine tube con- 
taining the conceptus. 


. No! Exposure of an embryo during the 


second week to the slight trauma that 
might be associated with abdominal sur- 
gery would not cause a congenital malfor- 
mation of the brain. Furthermore, the 
anesthetics used during the operation 
could not induce a gross malformation of 
the brain. Teratogens are not known to 
induce congenital malformations during 
the first two weeks of development (see 
Fig. 8~14). 
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Chapier 4 


I. Chromosomal abnormalities may have 
caused the spontaneous abortion. The in- 
cidence of chromosomal abnormalities in 
early abortions is about 61.5 per cent 
(Boué et al., 1975). Carr (1971) observed a 
pronounced increase in polyploidy (cells 
containing three or more times the hap- 

loid number of chromosomes) in embryos 
expelled during spontaneous abortions 
when conception occurred within about 
two months after discontinuance of oral 
contraception. Polyploidy is known to be 

fatal to the developing embryo. This in- 
formation suggests that it might be wise to 
use some other type of contraception for 
one or two menstrual cycles before at- 
tempting pregnancy after discontinuing 
oral contraceptives. In the present case, 
the doctor probably told the patient that 
her abortion was a natural screening proc- 
ess, i.e., that it was probably the sponta- 
neous expulsion of an embryo that could 
not have survived because of severe chro- 
mosomal abnormalities. 

. The presence of embryonic andfor chori- 

onic tissue in the endometrial remnants 

would be an absolute sign of pregnancy, 

but this tissue would be very difficult to 

find at such an early stage of pregnancy. 

By five days after the expected menses, 

i.e., about five weeks after the last men- 

strual period, the embryo would be in the 

third week of its development. 

. The central nervous system (brain and 
spinal cord} begins to develop during the 
third week. Anencephaly (see Fig. 18-19), 
in which most of the brain and cranial 
vault are absent, may resuit from environ- 
mental teratogens acting during the third 
week of development. This severe malfor- 
mation of the brain results from almost 
complete failure of the cranial part of the 
neural tube to develop normally, which is 
caused by nonclosure of the neuropores. 

. Sacrococcygeal teratomas commonly 
arise from remnants of the primitive 
streak , probably in the region of the prim- 
itive knot. Because cells from the primi- 
tive streak are pleuripotent, the tumors 
often contain various types of tissue 
derived from all three germ layers. There 
is a clear-cut difference in the incidence of 
these tumors with regard to sex; i.e., they 
are three to four times more frequent in 
girls than in boys. 


Chapter 5 


. The doctor would likely tell the patient 
that her embryo was undergoing a critical 
stage of its development and that it would 
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be safest for her baby if she were to stop 
smoking and to avoid taking any unpre- 
scribed medication throughout her preg- 
nancy. He would also likely tell her that 
heavy cigarette smoking is known to 
cause underweight babies and that the 
incidence of prematurity increases with 
the number of cigarettes smoked. 


. The embryonic period is a critical period 


of development because all the main tis- 
sues and organs are forming. Thus, it is 
the time during which the embryo is most 
vulnerable to the injurious effects of en- 
vironmental agents (e.g., drugs and 
viruses). 


- One can not always predict how a drug 


will affect the human embryo because 
human and animal embryos may differ in 
their response to a drug. For example, 
thalidomide is extremely teratogenic to 
human embryos but has very little effect 
on some experimental animals, e.g., rats 
and mice. 


. Information about the starting date of a 


pregnancy may be unreliable because it 
depends upon the patient's remémbering 
an event (last menses) that occurred two 
or three months earlier. In addition, she 
may have had some implantation bleed- 
ing, or breakthrough bleeding, at the time 
of her first missed period and might have 
thought that it was a light menses. This 
misinterpretation would result in incor- 
rectly considering a pregnancy of 12 
weeks (10-week-old fetus) to be an &- 
week gestation (6-week-old embryo). 


Chapter 6 


. Doctors cannot rely completely on infor- 


mation about the time of the last men- 
strual period reported by the patient, 
especially in cases in which determination 
of gestational age is extremely important. 
Patients’ memories may be poor, and 
their reports may be based on bleeding 
that sometimes occurs at the time of the 
first missed period. One can determine 
with reasonable accuracy the estimated 
date of delivery (EDD) using diagnostic 
ultrasound to estimate the size of the feta! 
head and/or of the entire fetus and/or of 
the conceptus.* 

The patient would likely undergo amnio- 
centesis for study of the fetus’s chromo- 
somes. The most common chromosomal 
disorder detected in fetuses of women 


*Sanders, R. C., and James, A. E.: The Principles 
and Practice of Ultrasonography in Obstetrics and 


Gynecology. 


New York, Appleton-Century-Crofts, 


1980. 
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over 40 years of age is trisomy 21 (see Fig. 
8-7). If the chromosomes of the patient’s 
fetus were normal, but if congenital ab- 
normalities of the brain or of the limbs 
were still suspected, fetoscopy might be 
performed. This method allows one to 
look for morphological abnormalities 
while scanning the entire fetus. 

The sex of the fetus could be determined 
by examining the sex chromatin patterns 
in the nuclei of cells obtained by amnio- 
centesis. One can often determine sex 
using ultrasonography. In the hands of 
persons with technical experience, this 
method can be used to identify sex (par- 
ticularly male) with a certainty that ap- 
proaches 100 per cent after about 30 
weeks of gestation. 

. There is a danger when uncontrolled 
drugs (over-the-counter drugs, €.g., aspl- 
rin, cough medicine) are consumed exces- 
sively or indiscriminately by pregnant 
women. In a retrospective study, Nelson 
and Fofar (1971)* reported that stgnifi- 
cantly more infants with congenital mal- 
formations were born to mothers who 
took aspirins, antacids, barbiturates, and 
cough medicine than to mothers who did 
not consume these drugs. 

Withdrawal seizures have been reported 
in infants born to mothers who are 
heavy drinkers, and the fetal alcohol syn- 
drome is present in some of these infants 
(see Chapter 8). The doctor would likely 
tell the patient not to take any drugs that 
he does not prescribe. He might tell her 
that those drugs that are most detrimental 
to her fetus are under legal control and 
that he dispenses them with great care 
and caution. 

. Many factors (fetal, maternal, and en- 
vironmental) may reduce the rate of fetal 
growth. Examples of such factors are 
intrauterine infections, multiple pregnan- 
cies, and chromosomal abnormalities (see 
Chapter 8). Also, cigarette smoking , nar- 
cotic addiction, and consumption of large 
amounts of alcohol are well-established 
causes of intrauterine growth retardation. 
A mother interested in the growth and 
general well-being of her fetus will eat a 
good-quality diet and not use narcotics, 
smoke heavily, or drink alcohol. 


Chapter 7 


. Asimple method, called Ndgele’s rule, is 
to count back three months from the first 


*Neison, M. M., and Fofar, J. D.: Associalions be- 


tween drugs administered during pregnancy and con- 
genital abnormalities. Br. Med. J. 1:523, 1971. 


day of the last menses (LMP), and then 
add one year and seven days. The biparie- 
tal diameter of the fetal head could be 
measured by ultrasonography because 
this measurement correlates well with 
fetal age. 

2. Polyhydramnios (hydramnios) is the ac- 
cumulation of an excessive amount of 
amniotic fluid (in excess of 2000 ml). 
When it occurs rapidly over the course of 
a few days, there is an associated high 
risk of severe fetal abnormalities, espe- 
cially of the central nervous system (an- 
encephaly and spina bifida cystica). Fe- 
tuses with gross brain defects do not 
drink the usual amounts of amniotic fluid, 
hence the amount of this liquid increases, 
Atresia of the esophagus is almost al- 
ways accompanied by polyhydramnios 
because the fetus cannot swallow and 
absorb amniotic fluid. Twinning is also a 
predisposing cause of polyhydramnios. 

3. There is a well-known tendency for twins 
to “run in families.’’ It appears unlikely 
that there is a genetic factor in monozygo- 
tic twinning, but a disposition to dizygotic 
twinning is genetically determined. The 
frequency of dizygotic twinning rises 
sharply with maternal age up to age 35 
and then declines, but the frequency of 
monozygotic twinning is affected very 
little by the age of the mother. Determina- 
tion of twin zygosity can usually be made 
on the basis of the type of placenta and 
fetal membranes present. Later, one can 
determine zygosity by looking for geneti- 
cally determined similarities and differ- 
ences in a twin pair. A single difference in 
a genetic marker proves twins to be dizy- 
gotic. For more details, see Thompson 
and Thompson (1980).* 

4, A single umbilical artery occurs in about 
one of every 200 umbilical cords. This 
anomaly is accompanied by a 15 to 20 per 
cent incidence of cardiovascular abnor- 
malities, * * 


Chapter 8 


1. It is generally accepted that only 2 to 3 
per cent of congenital malformations are 
caused by drugs and chemicals. It is 
difficult for clinicians to assign specific 
defects to specific drugs because (1) the 
drug may be administered as therapy for 


*Thompson, J. S., and Thompson, M. W.: Genetics in 


Medicine. 3rd ed. Philadelphia, W. B. Saunders Co., 
1980. 

**Page, E. W., Villee, C. A., and Villee, D. B.: 
Human Reproduction. Essentials of Perinatal Medi- 
cine. 3rd ed, Philadelphia, W. B. Saunders Co., 1981. 
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an illness that itself causes the malforma- 
tion; (2) the fetal malformation may cause 
maternal symptoms that are treated witha 
drug; (3) the drug may prevent the sponta- 
neous abortion of an already malformed 
fetus; and (4) the drug may be used com- 
monly with another drug that causes the 
malformation. 

. It is well known that women over the age 
of 35 are more likely to have a child with 
Down syndrome or some other chromo- 
somai disorder than are younger women. 
Nevertheless, many women over the age 
of 35 have normal children. The doctor 
caring for a pregnant 40-year-old woman 
would in all probability recommend am- 
niocentesis to determine if the infant had 
trisomy 21] or some other chromosomal 
disorder. 

. Penicillin has been widely used during 
pregnancy for over 20 years without any 
implication of teratogenicity. Aspirin and 
other salicylates are ingested by most 
pregnant women, and when they are con- 
sumed as directed, the teratogenic risk 
associated with maternal ingestion of 
these substances is very low. Chronic 
consumption of large doses of aspirin 
during early pregnancy may be harmful. 
Commonly used antinausea medications 
(e.g., meclizine and Bendectin) can be 
safely used during pregnancy, but cau- 
tion must always be exercised with new 
drugs. Remember that thalidomide, an 
“over-the-counter drug,” was at one time 
commonly used as an antinauseant and 
sedative during early pregnancy. 

. The doctor would likely tell the mother 
that there was no danger that her child 
would develop cataracts as the result of 
German measles. He would undoubtedly 
explain that cataracts often develop in 
fetuses whose mothers contract the dis- 
ease early in pregnancy. He might say 
that it is not necessarily bad for a girl to 
contract German measles before her 
childbearing years because this attack 
would probably confer permanent immu- 
nity to the disease. However, he would 
likely urge her to tell the girl to avoid 
exposure to German measles should she 
later become pregnant because of the 
common permanent defects caused by 
spread of the infection to the fetus. 


Chapter 9 


. A diagnosis of congenital diaphragmatic 
hernia is most likely. This defect results 
from failure of the left pericardioperito- 
neal canal to close completely during the 
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sixth week of development. As a result, 
herniation of abdominal organs into the 
thorax occurs. This compresses the lungs, 
especially the left one, resulting in re- 
spiratory distress. The diagnosis can 
usuaily be established by an x-ray exami- 
nation of the chest. Characteristically, 
there are air- and/or fluid-filled loops of 
intestine in the left hemithorax of a new- 
born infant afflicted with this condition. 


. In the rare congenital malformation 


known as retrosternal hernia, the intes- 
tine may herniate into the pericardial sac, 
or, conversely, the heart may be dis- 
placed into the superior part of the perito- 
neal cavity. A hernia through the sterno- 
costal hiatus (foramen of Morgagni) 
causes this condition. 

Posterolateral defect of the diaphragm, 
usually on the left, occurs about once in 
every 2000 births. A newborn infant in 
whom a diagnosis of this defect is sus- 
pected would immediately be positioned 
with the head and thorax higher than the 
abdomen and feet to facilitate the down- 
ward displacement of the abdominal 
organs that would likely be in the tho- 
rax. 

Epigastric hernias occur in the midline in 
the epigastric region. They are uncom- 
mon and resemble umbilical hernias. The 
defect through which herniation occurs 
results from failure of the lateral body 
folds to fuse completely during the fourth 
week (see Fig. 5=1). 


Chapter 10 


I. 


The mucoid material was probably dis- 
charged from an external branchial sinus 
(Fig. 10+104), a remnant of the second 
branchial groove and/or cervical sinus. 
Normally, this groove and sinus disap- 
pear as the neck of the embryo forms. As 
evident in this case, the branchial sinus 
extends superiorly into the subcutane- 
ous tissue. 


. The position of the inferior parathyroid 


glands is variable. They develop in close 
association with the thymus gland and are 
carried caudally with it during its descent 
through the neck. If the thymus fails to 
descend to its usual position in the superi- 
or mediastinum, one or both inferior para- 
thyroid glands may be located near the 
bifurcation of the common carotid artery. 
ff an inferior parathyroid gland does not 
separate from the thymus and adhere to 
the thyroid gland, it may be carried into 
the superior mediastinum with the 
thymus. 
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3. The patient very likely has a thyroglossal 
cyst that arose from a small remnant of 
the embryonic thyroglossal duct. When 
complete degeneration of this duct does 
not occur, a cyst may form anywhere 
along the midline of the neck between the 
foramen cecum of the tongue and the 
jugular notch. 

4. About 60 to 80 per cent of persons having 
a cleft lip with or without cleft palate are 
mates. When both parents are normal and 
have had one child with a cleft lip, the 
chances that the next infant will have the 
same malformation is about 4 per cent. 

. There is substantial evidence that arui- 
convulsant drugs (e.g., phenytoin, or di- 
phenylhydantoin), when given to epileptic 
women during pregnancy, increase by 
two or three fold the incidence of cleft lip 
and cleft palate when compared with the 
general population.* Cleft lip with cleft 
palate is caused by many factors, some 
genetic and others environmental; Le., 
this condition has a multifactorial etiol- 
ogy. In most cases, the environmental 
factor involved is not identifiable. 


Chapter 17 


. Inability to pass a catheter through the 
esophagus into the stomach would indl- 
cate the presence of esophageal atresia. 
Because this malformation is commonly 
associated with tracheoesophageal fistula 


and respiratory distress, the pediatrician , 


would probably suspect tracheoesophage- 
al fistula. An x-ray examination, per- 
formed after injecting a small amount of 
radiopaque material via a catheter into the 
esophagus, would demonstrate the esoph- 
ageal atresia and some types of tracheo- 
esophageal fistula. Of course, the radio- 
paque material would be aspirated and the 
catheter left in place to keep saliva and 
other matter from entering the lungs. If 
certain types of tracheoesophageal fistula 
were present, there would also be air in 
the stomach that passed there from a 
connection between the lower esophagus 
and the trachea (Fig. 11-5). 

. An infant in respiratory distress tries to 
overcome the ventilatory problem by in- 
creasing the rate and depth of respira- 
tion. Intercostal, subcostal, or sternal re- 
tractions and nasal flaring are prominent 
signs of respiratory distress. Hyaline 
membrane disease JS a lease cause of 
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*Golbus, M. S.: Teratology for the obstetrician: Cur- 
- rent status. Obstet. Gynecol. 53:269, 1980... | 


the respiratory distress syndrome and 
death in liveborn premature infants. A 
deficiency of pulmonary surfactant is as- 
sociated with RDS. 


. The most common type of tracheoesopha- 


geal fistula connects the trachea with the 
inferior part of the esophagus (Fig. 
11-5A). This malformation is associated 
with atresia of the esophagus superior to 
the level of the fistula. Tracheoesophageal 
fistula results fromincomplete division of 
the foregut by the tracheoesophageal 
septum into the esophagus and trachea. 


. In most types of tracheoesophageal! fis- 


tula, air passes from the trachea through 
the fistula into the lower esophagus and 
stomach. Pneumonitis from aspiration of 
oral and nasal secretions into the lungs is 
a serious complication of this malforma- 
tion. Giving the baby water or food by 
mouth is contraindicated in such cases. 


Chapter 12 


. Complete absence of a lumen (duodenal 


atresia) usually involves the second (de- 
scending) and third (horizontal) parts of 
the duodenum. The obstruction usually 
results from (ncomplete vacuolization of 
the lumen of the duodenum during the 
eighth week. The obstruction causes dis- 
tention of the stomach and proximal duo- 
denum because the fetus swallows amni- 
otic fluid, and the newborn infant 
swallows air, mucus, and milk. 
Duodenal atresia is common in Down 
syndrome, as are other severe congenital 
malformations, ¢e.g., anular pancreas, 
cardiovascular abnormalities, malrota- 
tion of the bowel {midgut loop), and ano- 
rectal malformations. Polyhydramnios 
oceurs because the duodenal atresia pre- 
vents normal absorption of amniotic fluid 
from the fetal intestine. The fetus swal- 
lows amniotic fluid before birth, but, 
owing to blockage of the duodenum, this 
fluid cannot pass along the bowel and be 
absorbed into the fetal circulation and 
transferred acress the placental mem- 
brane into the mother’s circulation. 


. Normally, the yolk stalk undergoes com- 


plete involution before the tenth week of 
fetal development, at which time the in- 
testines return to the abdomen. In 2 to 4 
per cent of people, a remnant of this stalk 
persists as a Meckel’s diverticulum of the 
ileum, but only a smal! number of these 
ever become symptomatic. In the present 
case. the entire yolk stalk persisted so 
that the Meckel’s diverticulum was con- 
nected to the anterior abdominal wall and 
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the umbilicus by a sinus tract (see Fig. 
12-19). This malformation is very rare, 
and its external opening may be confused 
with a granuloma (inflammatory lesion) of 
the stump of the umbilical cord. 

. The fistula was very likely connected to 
the blind end of the rectum. The condition 
is known as imperforate anus with rec- 
tovaginal fistula. This malformation re- 
sults from failure of the urorectal septum 
to form a complete separation between 
the anterior and posterior portions of the 
urogential sinus. Because the inferior one 
third of the vagina forms from the anterior 
part of tbe urogenital sinus, it joins the 
rectum, which forms from the posterior 
part of the urogenital sinus (see Fig. 12- 
ZAPF), 

. This malformation is called omphalocele 
(exomphalos). A small omphalocele, like 
the present one, is sometimes called an 
umbilical cord hernia, but it should not be 
confused with an umbilical hernia that 
occurs after birth and ts covered by skin. 
The thin membrane covering the mass in 
the present case would be composed of 
peritoneum and amnion. The mass, or 
hernia, would be composed of small intes- 
tinal loops (see Fig. 12~15). 
Omphalocele results when the intestinal 
loops fail to return to the abdominal cavi- 
ty from the umbilical cord during the 
tenth week of fetal life. In the present 
case, because the hernia is relatively 
small, the intestine may have entered the 
abdominal cavity and then herniated 
again when the rectus muscles did not 
approach each other and close the cir- 
at defect in the anterior abdominal! 
wall, 

. The ileum was probably obstructed, and 
the condition is called fleal atresia. Con- 
genital atresia of the small bowel involves 
the ileum most frequently; the next most 
frequently affected organ is the duoden- 
um, and the jejunum is involved least 
often. A little meconium is formed distal 
to the obstructed .area (atretic segment) 
from the fetal epithelium and mucus in the 
intestinal lumen. At operation, the atretic 
ileum would probably appear as a nar- 
rowed segment connecting the proximal 
and distal segments of small bowel. Atre- 
sia of the ileum could result from failure 
of recanalization of the lumen, but more 
likely the atresia resulted from a prenatal 
interruption of the blood supply to the 


ileum. Sometimes, a loop of small bowel: 


becomes twisted, interrupting its blood 
supply and causing death (necrosis) of the 
affected segment. The damaged section of 
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bowel usually becomes a fibrous cord 
connecting the proximal and distal seg- 
ments of bowel. This type of atresia can 
be produced experimentally in animals by 
ligating the arteries to a segment of 
bowel during the fetal period. 


Chapter 13 


. Double renal pelves and ureters result 


from the formation of two metanephric 
diverticula, or buds, on one side of the 
embryo. Subsequently, the primordia of 
these structures fuse together. Usually, 
both these ureters open into the urinary 
bladder, but, occasionally, the extra 
ureter Opens into the urogenital tract in- 
ferior to the bladder. This occurs when 
the extra ureter is not incorporated into 
the base of the bladder with the other 
ureter. Instead, the extra ureter is carried 
caudally with the mesonephric duct and 
Opens with it into the caudal part of the 
urogenital sinus. Because this part of the 
urogenital sinus gives rise to the urethra 
and the epithelium of the vagina, the 
ectopic (abnormally placed) ureteric ori- 
fice may be located in either of these 
structures. 

A ureteric orifice that opens inferior to the 
bladder results in urinary incontinence 
because there is no urinary bladder or 
urethral sphincter between it and the ex- 
terior. Normally, -the oblique passage. of 
the ureter through the wall of the bladder 
allows the contraction of the bladder mus- 
culature to act like a sphincter for the 
ureter, controlling the flow of urine from 
it. 


. Supernumerary renal arteries are rela- 


tively common. About 25 per cent of 
kidneys receive two or more branches 
directly from the aorta, but more than two 
is exceptional. Supernumerary arteries 
enter either through the renal sinus or at 
the poles of the kidney, usually the in- 
ferior pole. Accessory renal arteries, 
more common on the left side (Fig. 13- 
12), represent persistent fetal renal arter- 
ies, which grow out in sequence from the 
aorta as the kidneys ‘‘ascend’’ from the 
pelvis to the abdomen. Usually, the in- 
ferior vessels degenerate as new ones de- 
velop (Fig. 13-8), Supernumerary arteries 
are about twice as common as super- 
numerary veins, and they usually arise at 
the level of the kidney. . 
The presence of a supernumerary artery 
is of clinical importance in other circum- 
Stances because it may cross the ure- 
teropelvic junction {Fig. 13-12B) and 
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hinder the outflow of urine, leading to 
some degree of dilation of the calyces and 
pelvis on the same side (hydronephrosis). 
Hydronephrotic kidneys frequently be- 
come infected (pyelonephritis), infection 
may lead to destruction of the kidneys. 


_A rudimentary uterine horn is a very 


uncommon malformation. Rudimentary 
horn pregnancies are very rare, but they 
are clinically important because it is diffi- 
cult to distinguish between this type of 
pregnancy and a tubal pregnancy. [n the 
present case, the uterine malformation 
resulted from retarded growth of the nght 
paramesonephric duct and incomplete fu- 
sion of this duct with its partner during 
development of the uterus. Although 
most malformations resulting from in- 


complete fusion of the parumesonephric . 


ducts do not cuase clinical problems, a 
rudimentary horn that does not communi- 
cate with the main part of the uterus may 
cause pain during the menstrual period 
because of distention of the horn by 
blood. Because most rudimentary uterine 
horns are thicker than uterine tubes, rup- 
ture of a rudimentary horn pregnancy 1s 
likely to occur much later than that of a 
tubal pregnancy. 


. Glandular hypospadias is the term ap- 


plied to a penile malformation in which 
the urethral orifice is on the ventral sur- 


face near the glans penis. The ventral 


curving of the penis is called chordee. 
Glandular hypospadias: results from fail- 
ure of the urogenital folds on the ventral 
surface of the developing penis to fuse 
completely and to establish communica- 
tion with the terminal part of the spongy 
urethra within the glans penis. Hypospa- 
dias is associated with an inadeqaate 
production of androgens by the fetal 
testes, but it is thought to have a multifac- 
torial etiology (genetic and environmental 
factors) because close relatives of pa- 
tients with hypospadias are more likely to 
have the malformation than persons in the 
general population. Hypospadias, a com- 
mon malformation of the urogenital tract, 
occurs in about one of every 300 male in- 
fants. 


. The embryological basis of indirect in- 


guinal hernia is persistence of the proces- 
sus vaginalis, a fetal diverticulum, or out- 
pouching, of peritoneum. This finger-like 
pouch evaginates the anterior abdominal 
wall and forms the inguinal canal. A 
persistent processus vaginalis predis- 
poses to indirect inguinal hernia by creat- 
ing a weakness in the anterior abdominal 
wall and a hernial sac into which abdomtr- 
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nal contents may herniate if the intra- 
abdominal pressure becomes very high 
(as occurs during straining). The hernial 
sac would be covered by internal sper- 
matic fascia, the cremaster muscle, and 
cremasteric fascia. 


Chapter 14 


. Ventricular septal defect is the most com- 


mon cardiac malformation. Keith et al. 
(1978) estimate that it occurs in about 20 
per cent of children with congenital heart 
disease. 


._ Patent ductus arteriosus is the most com- 


mon cardiac malformation associated 
with maternal rubella infection during 
early pregnancy. When the ductus ar- 
teriosus remains patent, aortic blood is 
shunted into the pulmenary artery. In 
extreme cases, one half to two thirds of 
the left ventricular output may be shunted 
through the patent ductus arteriosus. This 
extra work for the heart results in cardiac 
enlargement. 


. The tetrad of cardiac abnormalities pres- 


ent in the malformation called tetralogy of 
Fallot is as follows: pulmonary stenosis, 
ventricular septal defect (VSD), overrid- 
ing aorta, and right ventricular hyper- 
trophy. Angiocardiography could be used 
to reveal the malpositioned aorta (strad- 
dling the ventricular septal defect) and 
the degree of pulmonary stenosis. Cya- 
eke occurs but may not be present at 
birth. 


. Cardiac catheterization would probably 


be used to confirm the diagnosis of trans- 
position of the great vessels. If this cardi- 
ac abnormality were present, a bolus 
(mass) of contrast material injected into 

the right ventricle would enter the aorta, 

whereas contrast material injected into 

the left ventricle would enter the pul- 

monary circulation. 

The infant was able to survive after birth 
because the ductus arteriosus remains 
open in these patients, allowing some 
intermixing of blood between the two 
circulations. In other cases, there is also 
an ASD or VSD that permits intermixing 
of blood. Complete transposition of the 
great vessels is incomputible with life if 
there are no associated septal defects or 
a patent ductus arteriosas. 


. This would probably be a secundam type 


ASD located in the region of the fossa 
ovalis, because this is the most common 
type of clinically significant ASD. Large 
defects, as in the present case, often 
extend inferiorly toward the inferior vena 
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cava. The pulmonary artery and its major 
branches were dilated as the result of the 
increased blood flow through the lungs 
and the increased pressure within the 
pulmonary circulation. In these cases, a 
considerable shunt of oxygenated blood 
flows from the left atrium to the right 
atrium. This blood, along with the normal 
venous return to the right atrium, enters 
the night ventricle and is pumped to the 
lungs. Large ASDs may be tolerated for a 
long time, as in the present case, but 
progressive dilation of the right ventricle 
often leads to heart failure. 


Chapter 15 


. The most common congenital malforma- 
tion of the vertebral column is spina bifi- 
da occulta (see Fig. 18-12A). This defect 
of the vertebral arch of the first sacral 
and/or the last lumbar vertebra is present 
in about 10 per cent of people. The defect 
also occurs in cervical and thoracic verte- 
brae. The spinal cord and nerves are 
usually normal and neurological symp- 
tonis are absent. Spina difida occulta does 
not cause back problems. 

. Arib on the seventh cervical vertebra is 
of clinical importance because it may 
compress the subclavian artery and/or the 
brachial piexus, producing symptoms of 
artery and nerve compression. Cervical 
ribs produce no symptoms in most cases. 
They result from development of the cos- 
tal processes of the seventh cervical ver- 
tebra into ribs. 

. Ahemivertebra can produce an abnormal 
_ftateral curvature of the vertebral column 
(scoliosis). A hemivertebra, composed of 
one half of a body, a pedicle, and a 
lamina, results when the mesenchymal 
cells from the sclerotomes on one side fail 
to form the primordium of half of a verte- 
bra. As a result, there are more growth 
centers on the one side of the vertebral 
column; this imbalance causes the verte- 
on column to bend laterally (Fig. 15- 
OB). 

. Craniosynostosis indicates premature 
closure of one or more of the cranial 
sutures. This developmental abnormality 


results in malformations of the skull. Sca- ° 


phocephaly, or a long, narrow skull, re- 
sults from premature closure of the sagit- 
tal suture. This type of craniosynostosis 
accounts for about 50 per cent of the 
cases of premature closure of the cranial 
sutures. 

. The features of the Klippel-Feil syndrome 
are Short neck, low hair line, and restrict- 
ed neck movements. In most cases, the 
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number of cervical vertebral bodies is less 
than normal. There is a lack of segmenta- 
tion of several of the elements of the cer- 
vical region of the vertebral column. 


Chapter 16 


. Absence of the sternocostal portion of the 


left pectoralis major muscle is surely the 
cause of the surface abnormalities ob- 
served. The costal heads of the pectoralis 
major and the pectoralis minor are usually 
present. Despite ifs numerous and impor- 
tant actions, absence of all or part of the 
pectoralis major usually causes no disabil- 
ity, but the deformity caused by the ab- 
sence of the anterior axillary fold is strik- 
ing, as is the low nipple (Fig. 16-3). The 
action of other muscles associated with 
the shoulder joint compensates for the 
absence of this part of the muscle. 


. About 13 per cent of people lack a pal- 


maris longus muscle on one or both sides. 
lis absence causes no disability, This 
slender muscle is subject to much varia- 
tion. 


. It would be the left sternocleidomastoid 


muscle that was prominent when tensed. 
The left one is the normal muscle and it 
does not pull the child’s head to the right 
side. It is the short, contracted, right 
sternocleidomastoid that tethers the right 
mastoid process to the right clavicle and 
sternum. Hence, continued growth of the 
left side of the neck results in tilting and 
rotation of the head. This condition, 
called congenital torticollis (wryneck), 
probably resulted from injury to the mus- 
cle during birth (Fig. 16-4). Tearing of 
some muscle fibers probably occurred, 
resulting in bleeding into the muscle, 
Over ‘several weeks, necrosis of some 
fibers occurred, and the blood was re- 


-placed by fibrous tissue. This resulted in 
Shortening of the muscle and in pulling of 


the child’s head to the side. 


. Absence of the development of striated 


musculature in the midline of the anterior 
abdominal wall is associated with ex- 
strophy of the urinary bladder (see Fig. 
13-17). This severe malformation is 
caused by (1) incomplete midline closure 
of the inferior part of the anterior abdom- 


inal wall, and (2) failure’of mesenchymal 


cells to migrate from the somatic meso- 
derm between the surface ectoderm and 
the urogenital sinus during the fourth 
wéek of development (see Fig. 13-18). 
The absence of mesenchymal cells in the 
midiine results in failure of striated mus- 
cles to develop. 
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Chapter 17 


_ The number of female infants affected 
with dislocation of the hip ts approxt- 
mately eight times that of male infants. 
The hip joint in these infants is only rarely 
completely dislocated at birth or within 
the first postnatal month, but the ace- 
tabulum is usually abnormal at birth. 
Dislocation of the hip may not become 
obvious for several months after birth. 

. Severe malformations of the limbs (ame- 
lia and meromelia), similar to those pro- 
duced by thalidomide, are very rare and 
are mainly of a hereditary nature. The 
thalidomide malformation syndrome con- 
sists of absence of limbs (amelia}; gross 
deformities of the limbs (nerommelia), 
e.g., hands and feet attached to the trunk 
by a small, irregularly shaped bone; intes- 
tinal atresia; and cardiac defects. 


_ The most common type of clubfoot is 


talipes equinovarus, ocCurring in about 
one of every 1000 newborn infants. In this 
malformation, the soles of the feet are 
turned inward at the ankle (inverted) and 
the feet are adducted and plantarflexed. 
The feet are fixed in the tiptoe posttion, 
resembling the foot of a horse (L. 
equinus , horse). 

. Syndactyly (fusion of digits) is the most 
common type of limb malformation. It 
varies from cutaneous webbing to synos- 
tosis (union of bones). Syndactyly is 
more frequent in the foot than in the 
hand. This deformity results when the 
mesenchyme between the developing dig- 
its fails to break down. As a consequence, 
separation of the digits does not occur. 


Chapter 18 


. Ultrasound scanning of the fetus may 
show absence of the calvaria (acrania) in 
an anencephalic fetuS as early as 14 to 18 
weeks’ gestation. Fetuses with anence- 
phaly do not drink the usual amounts of 
amniotic fluid, presumably because of im- 
pairment of the neuromuscular mechan- 
ism that controls swallowing. Inasmuch 
as fetal urine is excreted into the amniotic 
fluid at the usual rate, the amount of 
amniotic fiuid increases. Normally, the 
fetus swallows amniotic fluid, which ts 
absorbed by its intestines and mostly 
passed to the placenta for elimination. 

Anencephaly can be easily and safely 
detected by a plain radiograph, but radio- 
graphs of the fetus are not usually done 
during the first six months. It could, also 
be detected by fetoscopy (see Chapter 8) 
or by amniocentesis (see Chapter 6). An 


elevated level of alpha fetoprotein in the 
amniotic fluid indicates an open neural 
tube defect such as spina bifida with mye- 
loschisis or anencephaly. 


. A neurological deficit occurs because the 


spinal cord and/or nerve roots are often 
incorporated into the wall of the sac. This 
impairs the development of nerves to 
structures distal to the lesion. Paralysis of 
the lower limbs often occurs, and there 
may be incontinence of urine and feces 
owing to paralysis of the sphincters of the 
anus and the bladder. 


. The condition is called internal hydro- 


cephalus. The block would most likely be 
in the cerebral aqueduct of the midbrain. 
Obstruction at this site (stenosis or atre- 
sia) interferes with or prevents passage of 
ventricular fluid from the lateral and third 
ventricles to the fourth ventricle. Hydro- 
cephalus is sometimes recognized before 
birth, but most cases are diagnosed in the 
first few weeks or months after birth. 
Hydrocephalus can be recognized if ra- 
diographs are taken of the mothers’ abdo- 
men during the last trimester. Surgical 
treatment of hydrocephalus usually con- 
sists of shunting the excess ventricular 
fluid via a plastic tube to another part of 
the body (e.g., into the blood stream or 
into the peritoneal cavity), where it will 
subsequently be excreted by the kid- 
neys. 


. Hydrocephalus is not synonymous with a 


large head because a large brain (mac- 
roencephalon or megalocephalon), a sub- 
dural hygroma, or a hematoma can Cause 
enlargement of the head. Hydrocephalus 
may or may not enlarge the head. Ina 
condition known as htydrocephalus ex 
vacuo, the ventricles are large owing to 
brain @estruction, but the head is not en- 
larged. 

Microencephaly (small brain) is usually 
associated with microcephaly (small cal- — 
varia). Growth of the skull is largely de- 
pendent upon growth of the brain; hence, 
arrest of brain development can cause 
microcephaly. Duxing the fetal period, 
cytomegalovirus, Yoxoplasma gondii, 
herpes simplex virtis, and high Tevel ra- 
djation are environmental agents that are 
known to induce microencephaly and mi- 
cfocephaly. Measles and mumps occur- 
riag after birth can also cause¢ cerebral 
atrophy and mental retardation. 


5. Agenesis of the corpus callosim, partial 


or complete, is frequently assoclated with 
seizures . Some patients are asymptomatic 
and lead normal lives. As in the present 
case, a large third venivicle may be asso- 
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ciated with agenesis of the corpus callo- 
sum. A large third ventricle exists be- 
cause it rises above the roofs of the lateral 
ventricles when the corpus callosum is 
absent. The lateral ventricles are usually 
moderately enlarged. 


Chapter 19 


. The mother had almost certainly contract- 


ed German measles during early pregnan- 
cy because her infant had the characteris- 
tic triad of malformations resulting from 
infection of the embryo by the rubella 
virus. Cataract is common after such in- 
fections in the first six weeks of pregnan- 
cy, when the lens vesicle is forming and 
separating from the surface ectoderm. 
Cataract is believed to result from direct 
invasion of the developing lens by the 
virus. The most common cardiovascular 
lesion in infants whose mother had rubella 
in early pregnancy is patent ducius ar- 
teriosus. Although a history of a rash 
during the first trimester of pregnancy is 
helpful for diagnosing the congenital ru- 
bella syndrome, embryopathy (embryonic 
disease) can occur after subclinical. ma- 
ternal infection (i.e., without a rash). 


. Congenital ptosis, or drooping of the 


upper eyelids, is usually caused by abnor- 
mal development or failure of develop- 
ment of the /evator palpebrae superioris 
muscles. Congenital ptosis is usually 
transmitted by autosomal dominant in- 
heritance, but injury to the superior 
branch of the oculomotor nerve (CN IID), 
which supplies the levator palpebrae su- 
perioris muscle, could also cause droop- 
ing of an upper eyelid. 


. The protozoon involved was most likely 


Toxoplasma gondii, an intracellular para- 
site. The congenital abnormalities result 
from invasion of the fetal blood stream by 
the toxoplasma parasites, which disrupt 
development of the central nervous sys- 
tem, including the eye, which develops 
from an outgrowth of the brain. The doc- 
tor would certainly tell the woman about 


toxoplasma cysts in meat and advise the 


woman to cook her meat well during her 

next pregnancy. He would also tell her 

about the toxoplasma oocysts in cat feces 

and the importance of carefully washing 

Sa hands after handling a cat or its littey 
OX. 


. Very likely, the infant has ¢risomy 18 


because the characteristic phenotype is 
present (see Chapter 8). Low-set, mal- 


formed ears associated with mental retar-_ 
dation, prominent occiput, and failuye to 


thrive are suggestive of the trisomy 18 
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syndrome. This numerical chromosomal 
abnormality results from nondisjunction 
of the number 18 chromosome pair during 
gametogenesis. Postnatal survival of 
these infants is poor; the mean survival 
time is only two months. 


. Detachment of the retina is a separation 


of the two embryonic retinal layers: the 
pigment epithelium derived from the 
outer layer of the optic cup, and the 
nervous portion of the retina derived from 
the inner layer of the optic cup. The 
intraretinal space (Fig. 19-3), represent- 
ing the cavity of the optic vesicle, nor- 
mally disappears as the retina forms (Fig. 
19-5). 

Proximal parts of the hyaloid artery per- 
sist as the central artery of the retina, but 
distal parts of this vessel normally degen- 
erate, Persistence of the posterior end of 
the artery 1s more common than persis- 
tence of the anterior end. Treatment is 
usually not necessary. 


Chapter 20 


. Natal teeth occur in about one of every 


2000 newborn infants. Usually, there are 
two teeth in the position of the mandibu- 
lar incisors. Natal teeth may be super- 
numerary ones, but they are often prema- 
turely erupted primary teeth. If it is 
eStablished radiologically that they are 
supernumerary teeth, they would proba- 
bly be removed so that they would not 
interfere with the subsequent eruption of 
the normal primary teeth. 

Natal teeth may cause maternal discom- 
fort owing to abrasion or biting of the 
nipple during nursing. They may also in- 


' jure the infant’s tongue, which, because 


the mandible is relatively small at birth, 
lies between the alveolar processes. 


. The discoloration of the infant’s teeth’s 


was likely caused by the administration of 
tetracycline antibiotics to the mother dur- 
ing her pregnancy. Tetracyclines become 
incorporated into the developing enamel 
of the teeth and cause discoloration. 
Dysfunction of the ameloblasts, as a re- 
sult of tetracycline therapy, would cause 
hypoplasia of the enamel (e.g., pitting). It 
is very likely that the secondary dentition 
would also be affected because enamel 
formation begins in the permanent teeth 
before birth (at about 20 weeks in the 
medial incisors). 


. This is an angiomatous malformation of 


the skin, often called a flat capillary an- 
gioma (hemangioma). It is formed by an 
overgrowth of small blood vessels, con- 
sisting mostly of capillaries, but there are 
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also some arterioles and venules in it. The 
blotch is red because oxygen is not taken 
from the blood passing through it. This 
type of angioma is quite common, and the 
mother should be assured that this mal- 
formation is of no significance and re- 
quires no treatment. It will more or less 
fade in a few years. Formerly, this type of 
angioma was called a nevus flammeus 
(flame-like birthmark), but these names 
are sometimes applied to other types of 
angiomas, and, to avoid confusion, it is 
better not to use them. Nevus is not a 
good term because it is derived from a 
Latin word meaning a mole or birthmark, 
which may or may not be an angioma. 

. A midline tuft of hair in the lumbosacral 
region usually indicates the presence of 
spina bifida occulta (Fig. 18-12A). This is 
the most common developmental abnor- 


mality of vertebrae and is present in L5 
and/or S1 in about 10 per cent of people. 
Spina bifida occulta is usually of no clini- 
cal significance, but a small percentage of 
infants with this malformation also have a 
developmental defect of the underlying 
spinal cord and nerve roots (Vaughan et 
al., 1979).* 


. The superficial layers of the epidermis of | 


infants with Jamellar ichthyosis consist of 
fish-like, grayish-brown scales (Fig. 20-2) 
that are adherent in the center and raised 
at the edges. Fortunately, the condition is 
very rare. It is inherited as an autosomal 
recessive trait. 





*Vaughan, V. C., McKay, R. J., and Behrman, R, E. 


(Eds.): Nelson Textbook of Pediatrics. 11th ed. Phila- 
delphia, W. B. Saunders Co., 1979, 
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THE CREATOR 
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“So Blessed Be Allah The Best to 


Create” 
(Surah Al-Mu’minun, Ayah 14) 


These words were used as a conclusion for the 
QOur'anic texts which described the stages of 
development of the human conceptus (p 12d). 
It is therefore appropriate to conclude our 
discussion with consideration of these words 
and what came immediately after them. 

The verb ‘Khalaqa’ in Arabic can be used to 
give four meanings: 

-— Creation from nothingness and without a 
previous example. This is not possible 
except for Allah. 

~ Creation of something new from a pre- 
existing material. 

— Planning or programming. 

— Making smooth. 

The work of those who make things from 
existing materials or those who plan and 
programme cannot be likened to the work of 
Allah who created and programmed man 
during the stages of Nutfah and developing 
him through ‘Alaqah, Mudghah, Bones, 
Clothing of bones with flesh and the Nash’ah 
stage. “So Blessed be Allah, the Best to 
Create. 


The Qur’an makes the creation of man 
one of the signs of the faith; 
First: eee 


ote 
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“Were they created by nothing?” 
(Surah At-Tur, Ayah 35) 


The answer is obviously negative, because 
nothingness cannot originate anything. One of 
the basic principles of modern science is to find 
a cause for every observation. 


Second: 
(QS ASAA et) 
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“Were they created by nothing, or 
were they themselves the creators?” 
(Surah At-Tur, Ayah 35) 
The answer is again negative. Everyone 
knows that if man could create himself, he 
would have made everything perfect and 
would have brought himself back from the 
dead. This is impossible to believe because we 
all know that man cannot even make a fly. 
Further, one cannot imagine that the origin 
of man was the work of the reproductive 
systems, the testes, ovaries, uterus Or some 
substance like the genes etc. The creation of a 
new individual is not possible without the 
work of all vital systems in the father and the 
mother which enable the reproductive systems 
to function. This series of supportive functions 
can be considered to include even the systems 
of our ancestors. It can be concluded there- 
fore, that neither nothingness nor parts of man 
can give rise to a new individual nor can man 
create himself. 
The Qur’an poses the question to non- 
believers. 
(CSAS BLE REEL h eS) 
OA OA col Andi gt By pe 
“Do you then see what you emmit. 
Is it you who create it or are We the 
creator” 
(Surah Al-Wagi‘a, Ayah 58,59) 
if the response to this question was that the 
origin of man was the result of random chance, 
the Qur’an gives a third answer: 


= Ce a Can At? 
y aT Osa ayy (GISZ SESH ATS ) 


“And also in your own Selves, will 
you not then see 
(Surah Al-Dhariyat, Ayah 21) 
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“Verily in the heavens and the earth 
are signs for those who believe. 
And in the creation of yourselves 
and the fact that animals are 
scattered (through the earth), are 
signs for those of assured faith’. 

(Surah Al-Jathiyah, Ayah 3,4) 
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These Ayahs and several others tell us that 
there is a close relationship between various 
creatures and the Creator. Every part of the 
creation was made by the creator and every 
part or description of the created tells us 
something of the power and characteristics of 
the Creator. On the basis of this rule we 
contemplate into the creation of man and ask 
ourselves - does it bear the signs of originating 
by chance or does it bear the marks of Allah’s 
Creation? 


The Probabilities of Chance 


Protein molecules are an important consti- 
tuent of the structure of living cells. They are 
made of carbon, hydrogen, nitrogen oxygen 
and sulphur. These molecules are structures 
which may contain tens of thousands of atoms. 
There are about 92 naturally occuring 
elements which are randomly scattered. The 
probability of union of five elements of the 
protein molecule to from one _ protein 
molecule can be calculated, to find out the 
proportions of matter which interact to give 
rise to one of these molecules and to find out 
the time required for this reaction and union of 
the atoms. (Frank Allen*). 

Jt has been calculated that the probability of 
the factors concerned to produce a protein 
molecule by chance is only 1 in 10!© and the 
quantities of interacting substances to produce 
this molecule have been estimated to be so 
coliosal as to be millions of times bigger than 
the universe. The time required was calculated 
to be 10°49 years (Charles Ugene Guy"). 

How many protein molecules are there in 
one cell? And how many molecules of other 
compounds? And how many molecules are 
there in all the cells of the body? The total 
number of these comes to about 6 billion at 
birth? The making of all this takes only 9 
months. Does this process repeat itself every 
day in millions of embryoes by mere chance. ? 

Al-Nutfah Al-Amshaj (the zygote) 
develops into billions of cells by the end of 
term. Each group of these cell has been 
prepared to carry out specific functions and 
was directed to a specific position in the body 
of the embryo with perfect timing during a 
complex process of ever changing creation. 
Each of these organs has been constructed 
physically and chemically for the physiological 
and biochemical functions for which it was 
planned. Furthermore, each of the organ 
systems has been closely related and 





connected with other systems for coordination 
of their functions. 

The question arises: can this structural & 
functional coordination occur by chance and 
repeat itself regularly and consistently in 
human embryoes and those of animals and 
plants? It is far more logical to say that the 
jetters and words in this book, its chapters, 
headings and figures and thousands of its 
copies have come together by chance or as a 
result of an earthquake. 

Thoughtful analysis of the stages of the 
conceptus will reveal the following: 

~ That it is governed by comprehensive 
rules; the effect of chance is restricted and 
its Occurance is rare. 

— That the embryo has consistent rules; and 
chance is by definition inconsistent. 

— That the interactions in the embryo are 
well balanced and programmed; and 
chance can be changing and unbalanced. 

~ That there is a certain order of events 
and; chance occurs suddenly and without 
warning. 

— That the stages of the embryo follow at 
specific times; and chance is random. 

Based on the above, there is no evidence 
that the process of creation occurs by chance. 
The discussion of chance has been used for the 
sake of argument only. 

There is ample evidence that the conceptus 
is created by One who knows everything. The 
new individual stays for nine months in the 
mother’s uterus to be prepared for life in a 
completely different environment. In the 
complete darkness of the uterus, it becomes 
equipped with eyes sensitive to light. While 
immersed in amniotic fluid, it becomes 
equipped with a pair of lungs suitable for 
inspiration of air. While encapsulated within 
the membranes and walls of the uterus, the 
legs and feet are formed to be used at a later 
date. Does not the preparation of the 
embryoes and fetuses of all animals, for an 
environment other than the one in which they 
are made, not witness that this is the work of 
One most knowledgeable of the environment 
of the uterus as well as that of the external 
world, 

The maintenance of homeostatic balance of 
various Components in the body such as 
glucose, water, blood pressure, blood pH and 
temperature; and the mechanisms that control 
this, is cause for wonder and can only be the 
work of The Creator. Relationships can be 


* Quoted by, Addemerdash A. Sarhan, in “Allah yatajalla fi ‘asr Al‘Iim., ‘Aalam Al Ma’arifa, Beirut. 
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seen for example in the function of the pylorus 
with those of the stomach and the intestines, 
which are closely linked with the blood 
circulation which is dependent on the lungs for 
the uptake of oxygen and the latter is a by 
product of photosynthesis. This function of 
vegetation depends on the sun which in turn is 
in equilibrium with the solar system and the 
latter with the galaxies. Should the 
equilibrium be disturbed in any part of this 
series of inter-related parts, it will affect the 
other parts. The close inter-relationships of 
the laws of the universe point to the Unity of 
the Creator, who is perfect in knowledge and 
wisdom. 

If there were more than one creator, then 
we would have seen evidence of different wills 
and different manifestations of these wills. 
The Qur’an states: 


Lt siete Setoney 
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“Or have they taken (for worship) 
from the earth who can raise (the 
dead)?. If there were in the heavens 
and the earth other gods besides 
Allah, there would have been 
confusion in both! But glory to 
Allah The Lord of the Throne: 
(High is He) above what they 
attribute to him!. He cannot be 
questioned for His acts but they will 
be questioned (for theirs). Or have 
they taken for worship (other) gods 
besides Him? Say: bring your 
convincing proof; this is the 
message of those with me and those 
before me*, but most of them know 

not the truth and so turn away”. 
(Surah Al-Anbiy’a, Ayah 21-24) 


WHO IS THE CREATOR ? 


— Nothingness does not create, therefore 
there must be a creator for man. 


— Human beings do not create themselves, 
therefore there must be a creator for man. 


— Chance cannot create order and cannot 
govern the unity of the universe 
quantitatively, qualitatively and in the 
dimensions of time and space. The One 
Creator who controls all these events has 
the ultimate knowledge of all what goes on 
within the universe, the One who is full of 
wisdom. He who has power over all things. 


— The above descriptions cannot be ascribed 
to nature or part of it. Then they must be the 
descriptions of the Creator of the universe 
and He is Allah. 


~ The unity of the order of the universe is 
evidence for the unity of the will that 
governs it and that there are no other wills 
controlling the universe. The whole 
universe, thus witnesses that there is no God 
(worthy of worship) but Allah. 


~ Allah, glory be to Him, says in the Qur’an: 


ore ter 7 of At ysah ote tad of 
oSctit PEAS asi as eCoe sein! ale ) 


Lhe t Fis wt Pte 
(8 RYT ee SPA 
THO gel yt By 


“Were they created by nothing, or 
were they themselves the creators? 
Or did they create the heavens and 
the earth? Nay, they have no firm 
belief” 

(Surah At-Tur, Ayah 35,36) 


* “This is not only the message of Islam {“Ihose with me”) bul the message of all prophets who came before the Holy 
Prophet Mohammad (“those before me”), and the line of prophels was closed with him. The message given to every 
apostle (prophet) in all ages was that of Unity as the fundamental basis of Order and Design in the World, material, 
moral and spiritual”. (The Holy Qur’an, text, Lranslation and commentary by Abdullah Yusuf Al). 
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THE EXPLANATION OF THE 
SCIENTIFIC MIRACLE 


MIRACLES AS A PROOF OF THE TRUTH- 
FULNESS OF ALLAH’S MESSENGERS 


So that Allah message is brought home to 
people and so that there is no excuse on the 
day of Judgement, Allah says in the Qur’an : 


wae fhe a gt tA ss 
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“Messengers who gave good news 
as well as warning, that mankind, 
after (the coming) of the 
Messengers, should have no plea 
against Allah, For Allah is exalted 
in Power, Wise”’. 

(Surah An-Nisa’a, Ayah 165) 


Allah gave signs to his messengers to prove 
their truthfulness. These were in the form of 
miracles which man cannot bring about. 

The Qur’an also says : 


(... Sethuigei js 
YO A) sd by ye 


“We sent  aforetime Our 
messengers with clear signs ...“. 
(Surah Al-Hadid, Ayah 25) 


THE SCIENTIFIC MIRACLE IS THE ONE 
SUITABLE FOR THE LAST OF 
THE PROPHETS: 

Initially the miracles of Allah were 
addressed to the physical senses and usually 
broke the laws of nature e.g. Moses’s stick 
(peace be upon him), raising of the dead by 
‘Isa (Jesus, peace be upon him) and the crack 
of the moon to Mohammad (peace be upon 
him), the effect of this type of miracles 
weakens on generations which follow and the 
religion may become subject to alteration by 
man. Every new prophet therefore who came 
before Mohammad (peace be upon him) 
renewed the religion and the miracles, 

In the case of Prophet Mohammad, 
however, Allah has preserved the Qur’an 
from any alteration and made its letters and 
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words part of the miracle of the Prophet’s 
truthfulness. This miracle consisted of the 
Lords knowledge revealed literally in the 
Qur’an and by meaning in the Hadith. As 
scientific knowledge advances we find that 
what has been discovered had already been 
mentioned in the Qur’an and Hadith a long 
time ago. This reveals to us that knowledge 
which came upon Mohammad (peace be upon 
him) must have come from Allah, as promised 
by Him: 

(4 A RES 5, KG ol 
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“Soon will We show them our signs 
in the (farthest) region (universe) 
and in themselves until it becomes 
manifest to them that this is the 
truth, Is it not enough that your 
Lord is witness on all things”. 
(Surah Fussilat, Ayah 53) 


Thus the miracle of the last of the Prophets 
is continously renewed as time goes on. 


THE SCIENTISTS HAVE BEEN 
NOMINATED TO UNDERSTAND 
THE MIRACLE 


The Qur’an has stated unequivocally, that 
the scholars (scientists included) are the ones 
who will know that it is the truth : 
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“And those to whom knowledge 
has come, see that the (Revelation) 
sent down to you from your Lord ts 
the truth, and that it guides to the 
path of the exalted (in might), 
worthy of all praise”. 

(Surah Saba, Ayah 6) 








IPS ULI Ils ) THE STANDING ARGUMENT : 
_ These signs revealed by Allah to the 


” 
pee pas Ee 
\ - 


ee eat pee 24 S “whe F 
Prey p-\e crillalgsanlo} re Aces scientists and which are shown to all people “in 
; ( +d the regions (Universe)”, constitute the 
OE Al oA! 85 yew ee = argument upon which reward or punishment 


Say di; h h will be decided, Allah says on those who 
ae pane ar ies pee stom — disbelieved like the pharoah of Egypt: 
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for verily Allah is Guide of those 
who believe to the straight way’. “And they rejected those signs in 
(Surah Al-Haj, Ayah 54) iniquity and arrogance, though 
their souls were convinced thereof, 
Eo MAD BNR LeN pa gece i) so see what was the end of those 
. ee who acted corruptly!” 
(Abbi ys (Surah An-Naml, Ayah 14) 
£4 Ht pall 8) 
“Nay, here are signs self-evident in GUIDANCE TO RESEARCH WORK 
the hearts of those endowed with The words of the Maker are a great help to 
knowledge, and none but the those who study the results of his work, the 
unjust reject our Signs’. OQur’anic statements are therefore necessary 


(Surah Al-‘Ankabu, Ayah 49) to guid those who study Allah’s creatures. 
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PHASE IN THE FUTURE 


(DEATH AND RESURRECTION) 


The truthfulness of the source: 


The foregoing research into correlation 
between modern Embryology and Qur’an and 
Hadith confirms that what was revealed 1400 
years ago is the truth. The Qur'anic 
information, when it was revealed, was only 
heard and not seen, but now the facts can be 
seen to be congruent with the (heard) 
revelation. It then becomes clear to all, that 
the messenger who came with these facts, has 
brought to us the whole truth. We realise the 
truthfulness of the information on things we 
know, as evidence of the truthfulness of things 
which are still unknown to us. 


The wisdom of Allah is complete:‘and it has 
included the knowledge of the stages of 
development of the human being. We now 
have further proof of the trith of this 
information after centuries of hard scientific 
enquiry, using modern methods of 
investigation. 


This observation is proof of the fact that the 
source of this book is Allah who knows every 
thing. If this is so, then we also know that the 
word of Allah is the truth and therefore we 
believe that according to Him there are two 
further phases of human existance. 


(a) Death : This is the inevitable next phase 
after this life. It has no exceptions for the 
mighty or the weak, the learned or the 
ignorant, the rich or the poor. In about 
100 years those living on earth today will 
not be here as they themselves were not 
here 100 years ago. Thus the earth can be 
simulated to a uterus getting ready to give 
birth of what it bears into another world 
different from our own. When man leaves 
this life he realises that all his hopes have 
been attached to a temporary existance 
which never lasts. 


The Qur’an says : 
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“Say: the death from which you 
flee will truly overtake you; then 
will you be sent back to the knower 
of things secret and open, and He 
will tell you (the truth of) the things 
that you did”. 
(Surah Al-Jum‘a, Ayah 8) 
(b) The Resurrection ; Why do we die? The 
answer to this question lies with Him Who 
deals with man as He wishes; and takes 
him, without consent or will, from one 
State to another; Nutfah, Alagah, Bones, 
Clothing with flesh, Nasha’h and Another 
development. After that he is made to die. 
Allah is the only source of information on 
the future of the human being. 
We have the explanation of this in the 
Qur'an and Hadith. The conclusion of the 
following Qur’anic text declares : 
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“We created man fron a 
quintessence (gentle extraction) of 
clay. We then placed him as a drop 
(Nutfah) in a place of settlement 
firmly fixed, then We made the 
drop into an Alagqah (leech-like) 
and then We changed the leech-like 
Structure into a Mudgha (chewed- 
like substance), then We made out 
of that Mudgha bones (skeleton, 
fzain) then We clothed the bones 
with flesh (muscles, Lahm), then 
We developed out of him another 
creation. So blessed be Allah the 
best to creat. After that, at length 
you will die. Again, on the day of 
Judgment, will you be raised up”. 
(Surah Al-Mu’minun, Ayat 12-16) 


THE ANSWER TO THE 
PUZZLING QUESTIONS 


SENSATIONS IN THE SKIN AND GUT 


The Hadith is the first writing which diffe- 
rentiates between the skin and flesh (muscle) 
in the early stages of the embryo (see p 86¢ 
“after the 42nd day”). 

The Qur’an also differentiated between skin 
and other tissues. This is found in the Ayah 
describing the punishment of non-believers in 
hell: 
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“Those who reject our signs, we 
shall soon cast into the fire, as often 
as their skins are roasted through, 
We shall change them for fresh 
skins, that they may taste the 
Penalty; For Allah is Exalted in 
Power, Wise”. 

(Surah An-Nisa’a, Ayah 56) 


This Ayah (tells us that during punishment in 
hell the skin is renewed every time. it is 
destroyed hy burning. This is the answer to the 
first question. According to present 
knowledge, the skin is the site of thermal 
receptors as well as other sensory modalities 
including pain. 

The replacement of the skin is taken to 
mean maintenance of the intensity of 
punishment. It is also Known that intense pain 
results in shock and loss of consciousness. The 
answer to this 2nd question is given by another 
Ayah which states: 
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“But those who reject (Allah), for 
them will be the fire of hell, no term 
shall be determined for them so that 
they should die, nor shall its 
Penalty be lightened for them, thus 
do We reward every ungrateful 
one”. 

(Surah Fater, Ayah 36) 


There is another form of punishment which 
is described in the Qur'an: 


Sek ae Bab tee o tat Eke 
46 re) om By gee 


“And be given, to drink, boiling 
water, so that it cuts up their bowels 
(to pieces}”’. 

(Surah Mohammad, Ayah 15) 


The punishment by cutting up the intestine 
is also consisteant with our knowledge of the 
sensations present in the intestine. Thermal 
receptors are not present in the intestine and 
thus it is not heat alone which is mentioned in 
this Ayah. It is also known that if the bowel is 
cut the contents go into the highly sensitive 
peritoneal cavity and where intense pain is 
initiated. This is the answer to the third 
question: Can the gut feel heat?. 

The Qur’an, therefore gives us an 
explanation to the mechanisms of punishment 
with reference to the skin and the gut. And 
had it not been for these explanations, religion 
would have come into conflict with science on 
this subject. 

The answers to these puzzling questions 
have been given 1400 years ago. The warnings 
to non-believers have also been given at the 
same time. 
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THE WISDOM IN THE 
CREATION OF MAN 


IS THERE A PURPOSE IN THE CREATION OF MAN ? 


Is there a wisdom behind our creation ? or is 
it for no purpose ? By chance we came and by 
chance we live and die! 

The science of human physiology, in its 
totality, refutes that man was created for no 
purpose. It is universally agrecd that every 
part of the human hody, be it cell, tissue or 
organ-system, was created for a purpose. 
Thus, the conclusion can be drawn that the 
purpose of the creation of the whole must be 
closely linked with the creation of every part of 
it. The creation of man therefore, must have a 
wisdom for which all his parts, down to the cell 
units, were made. This conclusion is drawn 
from science and the structure and function of 
the human body give evidence for it. 
Nevertheless, there are some who do not 
know the wisdom of creation of man. 

There is a purpose for a pair of shoes but 
there is no purpose for a human heing ! 

If one of those who are unaware of the 
purpose of their creation was asked: 

Is there a purpose for your pair of shoes? 
The answer would be: Yes. 

Is there a purpose for your own creation? 
The answer would be: No (or even 
worse: I dont know). 

It seems therefore that in his opinion his 
own existance is of lesser value than his shocs! 
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“While those who reject Allah will 
enjoy (this world), and eat as cattle 
eat; and the fire will be their abode. 

(Surah Mohammad, Ayah 12) 


We know the wisdom when we know The 
One and Only Creator. 

But why has man come to know the 
functions of his organs and has not known the 
purpose of his creation and his life ? The 
answer to this is that the purpose of making a 
thing is known to the maker and will be known 
to other when told by him. The same is true of 
the wisdom of man’s creation, it is known to 
the Creator and becomes known to us when 
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revealed by Aflah (Glory be to Him). Human 
life goes through many phases some of which 
are clear to us and of others we are still 
ignorant. Thus, we will not know the wisdom 
until we know all about these phases. About 
those who restrict their learning to the first 
phase of life on this earth, the Qur’an says : 


Poe ee acs ee “Zor rahe eos ean eae 4 $e ee 
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“They know but the outer (things) 

in the life of this world; but of the 

End of things they are heedless, 
(Surah Ar-Rom, Ayah 7) 


The Answer : 

The answer has been revealed by Allah and 
it is easy to understand. If the wisdom of 
making anything is that it works according to 
the intention of the maker, then it is obvious 
that the wisdom of the creation of man is to 
work according to the intent of his Creator. 

That the hand and every other Organs in the 
body has been created to funetion according to 
the will of Allah, is evident to those who 
believe that they have a Creator. The work of 
man according to the intention of his Creator 
is known as worship. 

The Qur’an says : 
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“I have only created Jinns and 
Men, that they may worship Me. 
No sustenance do I require of them 
nor do I require that they should 


feed Me. For Allahis He Who gives 
(all) sustenance. Lord of power, 


steadfast (for ever)”. 
(Surah Al-Zariat, Ayah 56-58) 


Worship in Islam is all inclusive of what 
Allah likes us to do concerning the religion 
and all the concerns of life in this world. 





REFERENCES FOR THE MEANINGS 
OF WORDS IN QUR’AN AND HADITH" 





The word Derived meaning 


References 





‘Addala( jue): 


Al-Ta‘adeel To straighten and balance 

Fa‘addalak Tomake straight and well 
proportioned. 

Fa‘addalak To modify and alter to any 
appearance He wished. 

Fa‘addalak Altered organs on each other 


until they became straightened. 


1D,4/246-7; 2D,15/1760-1; 
4D ,11/430-6; 5D,8/209. 
1A,30/55; 2A,4/228; 
3A,9/48; 5A,6/468; 
6A,20/247;, 8A,8/436; 
9A,4/487; 11A,787; 
13A,5/395; 14A,17/81,; 
15A,30/64. 

1A,30/55; 2A,4/228; 
3A,9/48; 5A,6/468; 
6A,20/247, 8A,8/436-7; 
13A,5/395; 14A,17/18; 
15A,30/64. 

2A,8/436; 5A,6/468-9; 
8A,8/436; 11A,787; 
14A,17/18; 15A,30/64. 


en A TE 


‘Alaqah( ale =): 


Al-‘Alaqah Elongated like the shape 
ofa leech. 

‘Alagah Derived from “Al-Ta‘aluq” 
which means to cling and 
stick to a thing. 


9A 3/242; 20A,2/281, 
7B 5/139; 2D,4/1529; 
3D,343; 4D,10/267. 
7B,5/440; 3/287-8; 
1.471253 2411529; 
3D,343; 4D,10/267; 
5D,7/20. 


rr 


Al-Ghaydh( ja) ): 
Al-Ghaydh Decrease. 
To go inside. 


To decrease. 
To become unclear (or mysterious) 


Al-’Izdiad (3b) e 
Increase in Heaven. 


1D,4/405; 2D,7/202; 
3D,368; 4D,7/405; 
5D,5/64. 

3D,368, 4D,7/202; 
5D,5/64. 

IC 8/352. 

7B,1/41. 


2A,2/351; SA,3/472; 
6A,9/287; 13A,3/68; 
14A,9/334; 15A,13/109; 
19A 3/73. 


ip A 
* The capital tetters in the references indicate the sections of the lists of references. The number immediately following 
the letter indicates the position of the references within each section. This is followed by page numbers or volume 


number followed by page numbers as the case may be. 
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The word 


Al-Taqdeer ( 


Qaddar A‘da’ah 


Qaddar 


plas) 


Amshaj( gli ): 


Ansh’anah ( 
Nash’a 


ables 


Ye 


1 ee 





Derived meaning 


Its head, eyes, hands, and legs 
prepared for their function. 


“Correct origin” indication of 
the entire extent and nature ofa 
thing and its destiny. 

To plan a thing with marks that 
outline it. 

Decided its stagesi.e. Nutfah, 
then ‘Alaqah.... etc. 


Mixtures of the fluid of 
the male with that of the female. 


Mixtures: of colours of 
Nutfah 


To grow and develop. 
To rise and increase. 


The giving of the soul. 


Make acreature which can 
speak, hear and see. 





References 


2A,4/219; A,9/31; 
6A,19/218; 8A,8/448; 
13A,5/384; 144,17/58; 
1SA,30/44. 

LD 5/62; 2D 2/780: 
4D ,5/78; 5D,3/481. 


4D,5/78; 5D,3/483. 


1A,30/35; 3A,9/32; 

6A ,20/218; 9A,4/384; 
11A,784; 13A,5/384; 
ISA,30/44; 19A,9/54. 


1A,29/126-7; 3A,8/428: 
2A,4/195; 6A,19/121; 
7A,6/418; 8A,8/393; 

9A 4/454; 11A,774; 
12A,6/418; 13A,5/344-5: 
15A,29/152; 41D,2/367. 
1A,29/127; 2A,4/195: 
6A,19/121; 8A,8/394; 
12A,6/419; 4D,2/367. 


2D 1/77; 4D 1/170; 

SD 12e: 

1D,5/428; 2D,1/78; 

5D,1/126. 

3A,5/463; 6A,12/109; 
8A ,6/397; 9A,3/242: 
11A,452; 12A,4/375; 
13A,3/476. 

2A,3/28; 4A,12/85; 

7A,4/336; 8A,6/398; 
9A 3/242; 12A,4/336; 
15A,18/15. 


pp 


Adha( (ii): 


Harm 


Anunpleasant thing. 


7B,4/98 399; 
1C,10/120,154. 
1D,1/78; 4D,10/13; 
5D,14/27. 


a ane 

“Fisaloh” ( aJlei ): in (Wa fisaloho fi amayn)( ole 9 leds ) 
Its weaning from mothers breast, 
after the passage of two years. 


1A,21/45; 2A,3/233; 

3A,6/319; 6A,14/64-5; 
8A,7/187; 9A,3/446; 

11A,544; 13A,4/234; 

IS5A,21/86. 


erg 


458 L 








pt 


The word Derived meaning References 
i tt 
“Fisaloh” (wa hamloho wa fisaloho thalathoon shahra) \ pee OPE leds ale y ): Shes 

The period of pregnancy plus 2A 30/5212 SA,7ISTT: 
breast feeding is 30 months. 5A,5/480; 6A,16/163; 
8A,8/60; 9A,4/158; 
11A,667; 13A,5/18; 
14A.15/15; I15A,26/17; 
19A,7/386. 
Harth( oY ): 

Al-Harth Working on the land ploughing AD 2/134; 5D,1/614. 

and planting. 

Harth A place of planting. 1A,2/231; 2A,1/91; 
3A,1/251; 4A,6/71; 
5A,1/335; 6A,3/92; 
7A, 1/335; 9A,1/261; 
10A,13/281; 11A,1/34, 
12A. 1/935; -13A.1/220; 
14A 3/224; 15A,2/124, 
17A,51; 19A,1/124; 
18A 2/361. 


i 


‘Khalaqga( ii ): 


Al-Khalq To decide and plan. 1D,2/214; 2D,4/1470; 
3D,157; 4D,10/87; 
5D,6/335. 

Tocreate something without 3D,157; 4D,10/85; 
a previous example. SiD31a7: 
Originating one thingfromanother. 3D,157. 


Khalqun min ba‘d khalq ( 3 448 ¢» labs }: 


' The stages of creation inside the 1A,23/125; 2A,3/388; 
uterusi.e. Nutfah, then “Alaqah, 3A,7/164; 5A,5/301; 
then Mudghah. 6A,15/236; 8A,7/417; 


9A 4/47; 13A,4/450; 
14A,14/197; 15A,23/240-1. 


pp OO 


Manei( ce ): 


Mana (verb): To decide or plan. 1D,5/276; 2D,6/2497; 
3D,475; 4D,15/292; 
5D,10/347. 

Manei (noun): Male fluid. 2D 6/2497; 4D,15/293; 

Male & female fluids. 1D,5/276; 5D,10/348. 
Maskh( a }: 

Deformation and changing one 1D,5/325; 2D,1/431; 

form to an uglier one. 38,468; 4D,3155; 


5D,2/279. 


a 

















ig 
The word Derived meaning References 


a ee eee 
Mokhalaga wa Ghair Mokhalaga ( Acs re 3 5ale' ): 


This is a description of Mudghah giving two different feature which must be present at the same 
time. If it is said a piece of paper is white and black, one description can not be taken ignoring the 
other. The descriptions are concerning all Mudghahs, those which mature and those which are 
aborted. 

With features formed and 1A,17/89-70; 3A,5/407; 

untormed. 4A,12/8; 5A,4/288; 

6A,12/9; 11A,439; 
13A,3/436; 14A,12/8; 
| 15A,17/116; 17A,488. 

Formed, in which the head, hand 6A,12/9. 

and leg are formed. 

Untormed, in which nothing is formed. 
eee 
Mudghah( dees ): 

Surah Al-Mu’minun, Ayah 14, tells us that the embryo at the stage of Mudghah does not have 
flesh in it, because the flesh is stated to come after the bones stage. The interpretation of Mudghah 
as a piece of meat the size of a bite is probably meant to refer to the shape, and only Allah knows, 

Mudghah A piece of meat, the size of a bite. LA TSS; 2A,3/5: 
3A,5/407; 4A,12/8; 
SA,4/288-9; 6A,12/906; 
9A,3/207; 10A,13/9; 
11A,439; 13A,3/436; 
14A,12/8; 15A,17/116; 
1D,5/330; 2D,4/1326; 
4D ,8/450; 5D,6/30. 





Chewed with the teeth. 1D 5/330; 5D ,6/430; 
2D 4/1326. 
Nasl( bw): 
Al-Nas] Children and grand-children. 1D,5/420; 2D,5/1829; 


4D ,11/660; SD,8/135. 


Nutfah( ib! ): 
Adrop. 6A,12/6; 17/118; 
19/120; 13A,3/436; 
5/342; 15A,17/116; 
LC 2A lay B30 16. 
AD 9/236; 5D,6/258. 
A small amount of water. 4A ,30/234; 6A,17/118; 
7A,4/336; 10A,13/9; 
12A,4/288; 13A,3/436; 
4D 9/235; 5D,6/258. 
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The word Derived meaning References 


i cai 


Sawwa( ss ): 


Al-Tasweyah Erect and straight. iD 3/113; 2D,6/2384-6; 
4D ,14/408-17; 5D,10/189. 
Making the organs properly 2A,4/228; 4A,31/80; 
prepared for their uses. 5A,6/468; 7A,6/468; 


8A,8/436, 11A,787; 
14A,17/81; 15A,30/64. 


Making the body erect & straight. 9A,4/283. 

Straightening the surface & 2B,2/666; 4/1866; 

making it even. 3B,1/432; 7B,5/324; 
1C,3/79. 

Sawwara( 336 ): 
Al-Sorah Shape and external appearance. 1D,3/319-20; $D,3/342; 

4D 4/473. 

Special features which 3D,289. 

differentiate one thing from another. 

Facial features. 1B. 2B; 3B, -45, 385; 

7B,3/116. 


_.. And then modified you in whatever from (facial features) He wanted He put you together... 


Resembling relatives: 1A,30/55-6; 2A,4/228; 
In any resemblance i.e. of father, 3A,9/47-8, 6A,20/247; 
mother, uncle or others. 9A,4/483, 12A,6/468. 
Beauty, ugliness, height and sex. 2A,4/228; 3A,9/48; 


6A,20/247; 8A,8/437; 
12A,6/469; 14A,17/81; 


15A,30/64. 
There is no conjunction between 2A ,4/228; 5A,6/469; 
this sentence and whatcame before 7A,6/468; 8A,8/437; 
it; which means that itis an 15A,30/64. 
explanation of ‘Addalak. 
Sulalah (¢ Ww): 
Al-Sulalah What is extracted from 1D ,3/56-60; 2D,5/1730; 
a thing and taken out gently. AD 113 38;- S10 7iS1 7. 
Extraction; also giving the 1A,18/6; 2A,3/27; 
meaning of decreasing; or 3A,5/462; 4A,12/85; 
what is drawn out of a thing or 5A,4/335; 6A,12/109; 
extracted from it. 10A,3/113; 11A,452; 
ISA 3/476: 14A 12/75; 
15A,18/13. 
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The word Derived meaning References 





Tamakkon Al-Rahem ( ey! Bias ): 


Stability of the uterus in itself 1A,18/7; 2A,3/27; 
so that itis not subject to 4A,12/85; 5A,4/336; 
imbalance. 8A 6/398; 9A,3/242: 


14A,12/75; 15A,18/13; 
19A,5/778-81. 


Firm settlement of what occupies 2A,3/27; 5A,4/336; 
the uterusi.e. embryo. 8A,6/398; 15A,18/13: 
19A,5/778-81. 





Thuma Al-Sabiel Yassarah( 2-4 Loli): 
Made easy the exit from the 1A,30/35; 2A,4/219; 
mother’s abdomen. 3A,9/31; 8A,8/428: 
9A 4/473; 11A,784; 
13A,5/384; 15A,30/44, 
i a a 
Tumna ( ie ) ): 
Poured and spilled in the uterus. 1A,27/44; 2A,4/34; 
3A ,8/83; 4A,15/20; 
S5A,6/117; 6A,17/118; 
8A,8/168; 13A,5/116; 
14A,15/255; 15A,27/69; 


19A,7/711. 
Decided, planned or 2A,4/34; 3A,8/83; 
programmed. 4A,15/20; 5A,6/117; 


6A,17/118; 8A,8/168; 
13A,5/116; 15A,27/69; 
19A,7/711. 
ep espe ppp 
Zolomaton thalath( 286 cult 3 
The abdomen, the uterus and 1A,23/125; 2A,3/388: 
the placenta. 3A,7/164; 5A,5/301; 
6A,15/236; 8A,7/417; 
9A 4/47; 13A,4/450; 
14A,14/197; 15A,23/241. 


Zulmah Opposite of Wumination 1D ,3/468; 2D,5/1978; 
and light. 3D,315; 4D,12/377-9: 
5D,8/384-5, 


— NN re PS Vsti 
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by Abu Abdullah Mohammad Ibn Abu 
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Second Printing (1401AH, 1981AD), 
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Abdul-Majeed A. Azzindani. 
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Revised Seventh Edition, Published by 
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Note: Page numbers in italics refer to iHustrations; page numbers followed by (t) 


Abdomen, 88, 238 
Abdominal pregnancy, 49, 49 
Abducens nerve, 407 
Abortion(s) 
definition of, | 
early, 49 
causes of, 36 
spontaneous, abnormal zygotes and, 36 
Abortus, definition of, } 
Accessory nerve, 408 
Accessory placenta, /25 
Achondroplasia, /50, 358 
Acoustic meatus, external, atresia of, 428 
Acrania, 355, 355 
Acrocephaly, 356, 356 
Acromegaly, 358 
Acrosome reaction, 29, 30 
Adenohypophysis, development of, 396-398, 
396, 397(t) 
Adolescence, definition of, 6 
Adrenal glands, development of, 269-271, 
a7i 
hyperplasia of, and virilization, 150, 271, 
284, 284, 285, 285(t), 286 
size of, postnatal changes in, 26/, 271 
Adrenogenital syndrome, 271, 284, 286 
Adulthood, definition of, 6 
Aganglionic megacolon, 250, 409 
Age, gestational, vs. fertilization age, 94 
Agenesis. See under specific organs, ¢.g., 
Lungs), agenesis of. 
Alar plate(s), in development of brain, 
391-393, 39] 
in development of spinal cord, 379-380, 
379, 381 
Albinism, 434 
Alcohol, as teratogen, 153-154, 154(t), 155 
Alcoholism, and fetal growth retardation, 104 
Alkaloids, as teratogens, 153 
Allantois, 129, 129 
formation of, 62-63 
Alopecia, congenital, 435 
Alpha fetoprotein, in amniotic finid, 106, 
388, 403 
Alveolar period, in lung development, 222, 
222, 224 
Alveolus (alveoli), primitive, 222 
Amastia, 438 
Amelia, 158, 368, 369 
Ameloblasts, 441 
Amelogenesis imperfecta, 444 
Aminopterin, as teratogen, 154(t), 1LSG2 157 
Amnioblasts, 42 
Amniocentesis, 105-107, 705, 106, 127 


refer to tables. 


Amniochorionic membrane, //2, 115, 7/5, 
116 
Amniography, 108 _ 
Amnion, as sheath for umbilical cord, 123, 
126, 127 
formation of, 47 42 
Amniotic cavity, formation of, 47, 42 
Amniotic fluid, 126 
alpha fetoprotein content of, 106, 388, 403 
composition of, 127 
diagnostic studies of, 106-107, 706, 388 
examination of, 105-107, /05, 706, 127 
exchange of, 127 
functions of, 128, 137 
volume of, 126-127, 257 
Anal canal 
agenesis of, 250, 251 
congenital malformations of, 250, 25/ 
development of, 249-250, 249 
stenosis of, 250, 25/ 
Anal membrane, 249 
persistence of, 250, 252 
Androgen(s), as teratogens, 154-156, 154(t), 
155 
Anencephaly, 62, 403 
Aneuploidy, 143 
Angel dust, 157-§58 
Angioblasts, 63, 64, 64 
Angiogenesis, 63 
Angiomas , 433-434 
Ankyloglossia, t97 
Anodontia, 443 
Anonychia, 436 
Anoperineal fistula, 250, 25! 
Anophthalmos , 422, 423 
Anotia, 428 
Anterior chamber of eye, development of, 
418, 419, 420 
Antibiotics, as teratogens, 156 
Antibody transfer, in placenta, 119 
Anticoagulants, as teratogens, 154(t), 156 
Anticonvulsants, as teratogens, 156 
Antineoplastic agents, as teratogens, 154(t), 
156 
Anular pancreas, 235, 237 
Anus, imperforate, 250 
Aorta 
atresia of, 326 
coarctation of, 329, 330, 331 
congenital malformations of, 326, 329, 
330-333, 33)-332 
pulmonary trank twisting around, 3/5, 
317-318 
stenosts of, 325, 326 


459 














460 





INDEX 


Aortic arch(es) 
double, 331, 337 
formation of, 326, 327 
right, 331-332, 331, 332 
transformation of, into adult arterial 
Pattern, 327, 328 
abnormahties in, 329, 330-333, 331- 
332 
recurrent laryngeal nerves in, 329, 329 
Aorticopulmonary septum, defect of, 323 
Apical ectodermal ridge, 357, 366 
Aplasia, of breast, 438 
Appendicular skeleton, development of, 
356-357, 357, 358 
Appendix 
development of, 242, 242 
Position of, variations in, 242, 242, 244, 
244 
subhepatic, 244, 244 
Arch(es). See specific structures, e.g., 
Aortic arch{es) and Branchial arch(es). 
Arm{s}, development of, positional changes 
in, 366-367, 367 
Arnold-Chiari malformation, 404~405 
Arrhenoblastoma, 286 
Artery (arteries) 
branchial arch, derivatives of, {83 
development of, 302-303 
hyatoid, 413 
persistence of, 422 
renal, accessory, 265, 265 
subclavian, anomalous course or origin of, 
332,333 
umbilical, 123, 126, 726, 290, 303 
structures derived from, 337 
vitelline, 299, 303 
Arthrogryposis multiplex congenita, 363 
Articular system, development of, 347, 348, 
359 
Athelia, 438 
Atrial septal defects, 320, 320-322, 323 
Atnrichia congenita, 435 
Atrioventricular canal, common, 322, 323 
partitioning of, 306, 308, 308, 309 
Atrioventricular valve(s), development of, 
318, 3/8 
Atrium (atria) 
common, 323 
formation of, 312-313, 313-314 
left, 373, 314 
partitioning of, 308, 309-377, 313 
right, 372, 313-314 
anomalous drainage of pulmonary veins 
imto, 314 
septum separating, defects in, 320, 
320-322, 323 
Auricle, of ear, 427, 427, 428, 428 
Autonomic nervous system, 408-409 
Autosome(s), trisomy of, 144, 144(}, 145, 
145, 146 
Axial skeleton 
congenital malformations of, 354-356, 
354-356 
ribs in, 350, 350 
skull in, 351-354, 352, 353 
Sternum in, 35] 
vertebral column in, 348-350, 349, 350 
Axon(s}, myelination of , 384, 384 
Azygos vein, lobe of, in right lung, 223 





Basal plate(s), in development of brain, 
391-393, 39/7 
in development of spinal cord, 379, 379, 
380, 387, 382 
Battledore placenta, 123, {24 
Bicornuate uterus, 289, 289 
Bifid cranium, 40], 402 
Bifid nose, 2//, 212 
Bifid penis, 289 
Bifid spine. See Spina bifida. 
Bifid tongue, 197 
Bilaminar embryonic disc, 40 
Bile duct(s), development of, 23/, 233 
Biliary apparatus, development of, 23/, 233. 
251-252 
extrahepatic, atresia of, 233 
Birth(s), 104, 120, /2/, 122-123, 122 
abnormalities at, 140-162. See also 
Congenital malformations. 
multiple, t29-136. See also Multiple 
births, 
quadruplet, placentas from, /36 
septuplet, 737 
triplet, 133, 7.36 
twin, 130-133, /30-133. See also Twins. 
Bladder, urinary. See Urinary bladder. 
Blastocoele, 33 
Blastocyst(s) 
definition of, 6 
during second week, 50 
formation of, 33, 34 
implantation of, 40, 4/ 
implantation sites for, extrauterine 46, 47 
intrauterine, 36, 46, 47 
sections of, 35 
Blastomeres, 33 
Blindness, congenital, 159 
Blood tslands, 63, 64 
Blood transfusion, intrauterine, 107 
Body cavities, 167-177. See also 
Intraembryonic coelom and Cavity 
(cavities), 
Body wall, in development of diaphragm, 
1733. 2736 174 
Bone, histogenesis of, 344-345, 545-346, 347 
Bone age, 357 
Brachydactyly, 369, 37/ 
Brain 
commissures of, 399, 400 
congenital malformations of, 401, 402-404, 
403405 
cortex of, 400 
development of, 378, 390-400, 390-392, 
394-40] 
alar plates in, 391-393, 397 
basal plates in, 391-393, 39] 
flexures of, 378, 390, 39/7 
hemispheres of, 398-400, 398-40) 
absence of, 404 
vesicles of, 378, 390-400, 390.392, 
394-40! 
Branchial apparatus, 181-188. See also 
Branchial arch(es}. 
anomalies of, 188, 489-792, 191-192 
persistence of remnants of, 191 
as cartilaginous vestige, /89, 191, 19/7 
as cyst, /89, 19] 
as fistula, /89, 190, 191 
as Sinus, /89, 790, 191 


Branchial arch(es), 179-180, /S0-782, 183, 
22 
arterial component of, derivatives of, 183 
cartilage component of, derivatives of, 
183, 783, 184(t), 185 
vestigial, /89, 191, 79/ 
muscle component of, derivatives of, 154, 
184({t), 185 
nerve supply of, derivatives of, 184(t), 
185, 785, 187, 195, 196-197 
neural crest cells in, 180, 183 
structures derived from, 406, 407-408 
ist, 179, 7/80 
maldevelopment of, 191-192, 792 
structures derived from, 179, 182, 183, 
184(t), 197 
2nd, 179, 180 
structures derived from, 179, 7/82, 183, 
184(t) 
3rd, structures derived from, 184({t) 
4th, structures derived from, 184(t) 
Sth, as rudimentary structures, 184(t) 
6th, structures derived from 184(t) 
Branchial groove(s), 179, /80, 182, 786, 188 
Branchial membrane(s), /80, 187, 188 
Breast(s) 
absence of, 438 
aplasia of, 438 
development of, 437, 438 
supernumerary, 438, 438 
Brevicollis, 354 
Bronchial bud(s), 219,220 
Bronchus (bronchi), development of, 219, 
220 
Brown fat, heat production by, in fetus, 99 
Bud stage, of tooth development, 439, 439 
Bulbourethal gland(s), development of, 
279-280 
Bulbus cordis, in development of heart, 
315-317, 317-318 
Bursa, omental, formation of, 229, 230 
Busulfan, as teratogen, 154(t), 156 


Caffeine, as risk to fetus, 153 
Canal(s) 
anal, agenesis of, 250, 25/ 
congenital malformations of, 250, 25/ 
development of, 249-250, 249 
stenosis of, 250, 25/ 
atrioventricular, common, 322, 323 
partitioning of, 306, 308, 708, 309 
inguinal, development of, 290, 29/ 
pericardioperitoneal, 167-168, /69, 170 
partition formation in, 170, 177. See 
also Pleuropericardial membranes 
and Pleuroperitoneal membranes. 
Canalicular period, in lung development, 
221-222, 221, 224 
Cardiac abnormalities, in division of truncus 
arteriosus, 323—327 
of atrial septum, 320-323 
of interventricular septum, 323 
of position, 319 
transformation of aortic arches, 329-332 
Cardiac anatomy. See Heart. 
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Cardiac jelly, 304, 306 
Cardiac muscle, development of, 363, 366 
Cardinal veins, 170-172, 177, 298-299, 
299-301 
Cardiogenic cords, in heart development of, 
303, 303 
Cardiovascular system, development of, 
298-341. See also specific structures, 
e.g., Heart and VYeir(s). 
primitive, 63-65, 64, 65 
Cartilage 
branchial arch, derivatives of, 183, /83, 
184(t), 185 
histogenesis of, 344 
vomeronasal, 204-205, 205 
Cartiiaginous joint(s), 347, 348, 359 
Cartilaginous neurocranium, 351, 352 
Cartilaginous viscerocranium, 351 
Cataract(s), congenital, 421 
Caudate nucleus, 400, 400 
Cavity (cavities) 
nasal, development of, 200, 201-202, 204 
pericardial, 67, 168, 168-170 
formation of, 304, 305, 306 
separation of, from pleural cavity, 171, 
17] 
peritoneal, 167, 168, 168, 169 
separation of, from pleural cavity, 172, 
Pio fe) 
pleural, 167, 171, 777 
separation of, from pericardial cavity, 
Mtv t 
from peritoneal cavity, 172, 772, 173 
Cecal diverticulum, 238, 242 
Cecum 
abnormal movement of, 244 
development of, 242, 242 
subhepatic, 244, 244 
Cells 
daughter, 33, 34 
decidual, 40, 111, 727 
germ, primordial, 272, 272 
transport and viability of, 27-30 
Hofbauer, 777, 118 
mesoblastic, 56 
myoepithelial, 437 
neural crest, in branchial arches, 180, 183 
migration of, 408 
of developing central nervous system, 
375, 378, 380 
oligodendroglia, myelination by, 384, 384, 
405 
Schwann, myelination by, 384, 384, 405 
Cell theory, and embryology, 10 
Cementoenamel junction, 441] 
Cementum, 441 
Central canal, 327, 33! 
Central nervous system, 375-405. See also 
Brain and Spinal cord. 
congenital malformations of, 61-62, 355 
development of, effect of radiation on, 160 
from neural tube, 375, 376-379 
primitive cells of, 375, 378, 380 
Central canal, 327, 33! 
Cephalothoracopagus, [35 
Cerebellum, development of, 392-393, 392 
Cerebral commissure(s}, 399, 400 
Cerebral cortex, differentiation of, 400 
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Cerebral hemispheres, 398-400, 798-40/ 
absence of, 404 
Cerebrospinal fluid, excess of, 404 
removal of, 384 
secretion of, 393 
Cerebrum. See Brain. 
Cervical pregnancy, 49 
Cervical mb, 354, 354 
Cervical sinus, 182, 183, 186, 188 
Chambers, of eye, development of, 4/8, 
419-420 
Chiari malformation, 404-405 
Childhood, definition of, 6 
Chondrification, of vertebra(e), 349, 350 
Chondrodystrophy, hypoplastic, 358 
Chordae tendineae, development of, 312, 
318 
Chordee, 287, 288 
Chorion, 45, 46, 113, 7]3, 114 
Chorion laeve, 113. 7/3, f74 
Chorionic gonadotropin, in ovarian cycle, 
2125 
Chorionic sac, #11, 113, 773, 1/4 
formation of, 46, 46 
Chorionic villi, appearance of, 43, 45 
development of, 65, 66, 67 
Choroid, development of, 420 
Choroid plexus, 393, 399, 399 
Chromosomefs) 
aberrations in, and fetal growth 
retardation, 105 
abnormalities of, 14] 
numerical, 141149, 142-/47, 144(t}, 
147(t). See also specific types, e.g., 
Trisomy. 
structural, /48, 149-150, 749 
deletion, /48, 149-150, /49 
duplication of, /48, 150 
early studies of, 10 
faulty distribution of, due to 
nondisjunction, 18, 79 
inversion of, /48, 150 
ring, /48, 150 
sex-determining, 274. See also Y 
chromosome. 
translocation of, /¢8, 149 
Cigarette smoking, teratogenic effects of ; 
153 
Ciliary body, development of, 416, 479 
Circulation 
fetal, 332-333, 334, 336, 336 
system for, structures derived from, 
337, 338, 339 
neonatal, 335, 336-337 
through primitive heart, 306, 307 
Circulatory system, development of ; 
298-341. See also Circulation and specific 
vascular structures. 
Cleavage, definition of, | 
of zygote, initiation of, 32 
Cleft foot, 369, 370 
Cleft hand, 369, 370, 377 
Cleft lip, 206, 207, 210, 213 
bilateral, 207, 207, 210 
with cleft palate, 209, 270 
with facial clefts, 211 
causes of, 211-212 
median, 210, 27/7 


Cleft lip (Continued) 
unilateral, 207, 207, 2/0 
embryologic basis of, 207, 208 
with unilateral cleft palate, 209 
Cleft palate, 206, 210-211, 213 
bilateral, 209, 2/0 
causes of, 2] 1=—212 
embryologic basis of, 210 
unilateral, 209 
Cleft sternum, 355 
Cleft tongue, 197 
Clitoms, development of, 282, 283 
Cloaca, 249 
Partitioning of, 248, 249 
incomplete, 250, 257, 252 
Cloacal membrane, effect of tail fold on, 72, 
os 
Clomiphene citrate, in induction of 
ovulation, 25 
Cloning, 33 
Closing plug, 43 
Clubfoot, 372, 372 
Ciubhand, 369 
Coarctation of aorta, 329, 330, 33] 
Coelom 
division of, 170-172, /7/—173 
extraembryonic, 42, 43 
intraembryonic, 167, /67, 176 
effect of embryonic folding on, 72, 73, 
167-168, /68 
Collodion baby, 433 
Colloid cyst(s), 396 
Coloboma(s), of eyelid, 420, 420 
of iris, 420-421, 42/ 
of retina, 421 
Colon, aganglionosis in, 250, 409 
Commissure(s), cerebral, 399, 400 
Common cardinal veins, 170, 171, 77/7, 172 
Conceptus, definition of, 6 
10 day, 42, 43 
Congenital malformations 
environmental factors causing, 151~161. 
See also Teratogen(s). 
genetic factors causing, 140-151. See also 
Chromosome(s), abnormalities of. 
incidence of, 140 
multifactorial inheritance causing, 161 
of anal canal, 250, 257 
of aorta, 326, 329, 330-333, 331-332 
of bladder, 269, 269, 270 
of brain, 401, 402-404, 403-405 
of craniovertebral junction, 356 
of diaphragm, 174-175, 175, 176, 177 
of duodenum, 231-233, 232 
of ears, 428-429, 428 
of eyes, 420-422, 420-423, 429 
of genital system, 283-290, 292~293 
of hair follicles, 435 
of heart, 319-326, 329-332 
of hindgut, 250, 257, 252 
of intestines, 242-247, 242.247 
of kidneys, 261, 263-266, 264-267 
of limbs, 368-370, 369-372, 372-373 
of lips, 206-212, 207-277. See also Cleft 
lip. 
of lungs, 223 
of lymphatic system, 341 
of mammary glands, 438, 438 


Congenital malformations (Continued) 
of meninges, 385, 386-387, 387, 401, 402 
of midgut, 242~247, 242-247 
of mouth, 206-212, 207-212 
of muscles, 363-364, 364 
of nails, 436 
of palate, 206, 209-2/7, 210-212. See also 
Cleft palate. 

of pancreas, 235, 237 

of penis, 269, 269, 270, 287-289, 288 

of rectum, 250, 25/ 

of skeleton, 354-356, 354-356, 358 

of skin, 433-434, 434 

of skull, 355~356, 355, 356, 401, 402, 403, 
4035 

of spinal cord, 385-388, 385-389, 396 

of stomach, 229 

of tongue, 197 

of urachus, 268, 268 

of ureters, 263, 265-266 

of urinary bladder, 269, 269, 270 

of uterus, 289-290, 289 

of vagina, 289, 289, 290 

of venae cavae, 302, 302 

of vertebral column, 354-355, 354, 355 

teratogens causing, 153-161. See also 
Teratogen(s). 

Conjoined twins, 133, /33~135 

Connecting stalk, 43, 45 

Contraceptives, as teratogens, 155-156 

Cornea, development of, 4/6, 427, 419 

Corona radiata, /5, 24, 25 

Corpus albicans, 25 

Corpus callosum, agenesis of, 404 

Corpus luteum, of menstruation, 25 
of pregnancy, 25 

Cortex, cerebral, 460 

Cortisone, as teratogen, 156 

Cotyledon(s}, 114, 2/6, 123, 124 

Cranial nerve ganglia, derivation of, 61 

Cranial nerves, development of, 406-408, 406 

Cranioschisis, 355, 355 

Craniosynostosis, 355-356, 356, 404 

Craniovertebral junction, congenital 
malformations at, 356 

Cranium bifidum, 401, 402 

Crease, simian, in Down syndrome, 144 

Cretinism, 358 

Crib death, 319 

Cri du chat syndrome, 149, /49 

Crista dividens, diversion of blood by, in 
fetal circulation, 336, 336 

Crown-heel length, in measurement of 
embryos, 89, 90 

Crown-rump length, in measurement of 
embryos, 89, 90, 90 

Cryptophthalmos, 422 

Cryptorchidism, 292, 292 

Cumulus oophorus, 23, 23, 24 

Cyclopia, 422, 423 

Cyst(s) 
branchial, /89, 191 
colloid, 396 
dentigerous, 444 
kidney, 266-267 
lingual, 194, 197 
pulmonary, congenital, 223 
thyroglossal duct, 194, /94, 197 
urachal, 268, 268 
vitelline, 245 
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Cystic duplication(s), of intestines, 247, 247 
Cystic hygroma, 341 
Cystic lymphangioma, 341 
Cytomegalovirus, as teratogen, 154(t}), 159 
Cytotrophoblast, 33 

growth and differentiation of, 40, 4/ 


Daughter cells, 33, 34 
DaVinci, Leonardo, embryological studies 
of, 8, 9 
Deaf-mutism, 428 
Deafness, congenital, 428 
Decidua, 111, P77, [72 
Decidua basalis, 111, 27/2, 113, 775 
Decidua capsularis, 7/2, 114-115 
Decidua parijetalis, 111, 742, 775 
Decidua} celis, 40 
Decidual reaction, 43 
Deciduous teeth, 439 
time of eruption and shedding of, 443() 
Deletion, chromosomal, /48, 149-150, /49 
Delivery, 104 
Dental alveolus, 441 
Dental laminae, development of, 439, 439 
Bental papilla, 439 
Dental pulp, 439 
Dental sac, 439 
Dentigerous cyst, 444 
Dentin, 439 
Dentinogenesis imperfecta, 444, 444 
Dermat sinus, 385-386, 386 
Dermatog!yphics, 433 
Dermatome(s), in cutaneous innervation of 
limbs, 367-368, 366 
Dermis, development of, 432, 433 
Dermomyotome, 344, 345 
Detached retina, congenital, 422 
Development 
control of, 76 
critical periods in, 151, £52, 153 
definition of, | 
disorders of, 88-89 
embryonic period in, 70-91. See also 
Embryonic period. 
fetal period in, 93-108. See also Fetal 
period. 
induction in, 75, 76, 77 
morphogenesis in, 76 
periods of, postnatal, 6 
prenatal, 1, 2-5, 6 
Ist week, 14-37 
2nd week, 40-52 
3rd week, 53-69 
4th week, 76-77, 78(t}, 79-83 
Sth week, 78(t}, 84, 85 
6th week, 78(t), 84, 85, 85 
7th week, 7&(t), 85, 86 
Sth week, 78(t}, 85, 86-89, 88 
stages of, embryonic. See Embryonic 
period. 
estimation of, 78(t), 89-90 
10 to 13, 76-77, 78(t), 79-83 
14 to 19, 78{t), 84-86, 85 
20 to 23, 78(1), 85, 86-89, 88 
Developmental anatomy, definition of, 7 
Dextrocardia, 319, 319 
Diabetes, maternal, 157 
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Diaphragm 
congenital malformations of, 174-175, 175, 
176, 177 
development of, 172-173, 73, 174 
positional changes during, 173-174, 174 
eventration of, 175 
hernia through, 174-175, 175, 176 
innervation of, 174 : 
Diaphragmatic hernia, 174-175, 175, 176 
Diastematomyelia, with spina bifida, 388 
Diazepam, as teratogen, 158 
Diencephalon, 394-396, 395, 397 
Diethylstiibestrol, as risk to fetus, 156 
DiGeorge syndrome, 192-193 
Digestive system, development of, 227-252. 
See also specific organs, e.g., Stomach. 
Dilatation stage, of labor, 122-123 
Dimple, of skin, associated. with Spina bifida 
occulta, 385-386 
Diphenylhydantoin, as teratogen, 154({), 156 
Diplotd number, restoration of, 32 
Dispermy, 30 
Diverticuium (diverticula) 
cecal, 238, 242 
duodenal, 233 
ileal, 245-246, 245, 246 
Meckel’s, 245-246, 245, 246 
meétanephric, 259, 259 
tracheal, 219 
Divided kidney, 263, 265, 266 
Dizygotic twins, /30, 131, 137 
Dorsal mesentery of esophagus, 172173, 
173 
Double aortic arch, 331, 33/ 
Double infenior vena cava, 302 
Double kidney, 263, 265 
Double penis, 389 
Double supertor vena cava, 302, 302 
Double uterus, 289, 289 
Double vagina, 289, 289 
Down syndrome (trisomy 21 syndrome}, 
144, 144(0), 145 
atrioventricularis communis in, 323 
karyotype findings in, 146 
mosaicism in, 33 
simian crease in, /44 
Drug(s), as teratogens, 153-158, 154(t) 
diffusion of, in placenta, 120 
Drug abuse, and fetal growth retardation, 
104 
Drug addiction, fetal, 120 
Duct(s) 
bile, development of, 23/, 233 
developmental processes forming, 75 
genital. See Genital duci{s). 
hepatic, accessory, 233 
mesonephric, 9 
remnants of, 257, 277(t}, 278, 281 
Structures derived from, 277(0), 278, 279 
nasolacrimal, development of, 260 
paramesonephric, 279 
remnants of, 277(t), 278, 281 
structures derived from, 277(t), 278, 
279, 280, 286 
sex. See Genital duci(s). 
thoracic, development of, 340, 340 
thyroglossal, 193, /93 


Duct(s) (Continued) 
thyroglossal, cyst(s) arising from, 194, 
194, 197 
fistula formation from, 197 
persistence of, 194, /94 
sinus formation from, 194-195, /94 
Ductus arteriosus, patent, 337, 339 
structures derived from, 337 
Ductus venosus, structures derived from, 
337 
Duodenum 
atresia of, 232-233, 232 
development of, 229, 23], 23/ 
diverticula of, 233 
fixation of, 24/, 242 
stenosis of, 23], 232 
Duplication{s), chromosomal, 748, 150 
intestinal, 247, 247 
urinary tract, 263, 265, 266 
Dura mater, 383 
Dwarfism, achondroplastic, 358 
Dysmorphism, 88 
Dysmorphology, definition of, 7 
Dystrophy, muscular, 364 


Ear(s) 
auricle of, 427, 427 
accessory growths of, 428, 428 
congenital malformations of, 428-429, 428 
development of, 423-427, 424-427, 429 
external, 427, 427 
meatus of, atresia of, 428-429 
inner, 423-425, 424-426 
middie, 426-427, 426 
Ectoderm, derivatives of, 74, 75-76 
formation of, 54 
Ectodermal dysplasia, 433 
Ectopia cordis, 319, 320 | 
Ectopic impiantation, in uterine tubes, 46, 
47,48 - 
Ectopic pregnancy, 46-49, 47, 48 
abdominal, 49, 49 
cervical, 49 
ovarian, 48 
uterine tubal, 46-48, 47, 48 
Electrolyte exchange, in placenta, 119 
Embryo, at three weeks, 53-69, 78(t) 
at 4 weeks, 76-77, 78(t), 79-83 
at 5 weeks, 78(t}, 84, 85 
at 6 weeks, 78(t), 84, 85, 85 
at 7 weeks, 78(t), 85, 86 
at 8 weeks, 78(t), 85, 86-89, 88 
bilaminar, formation of, 40-52 
control of sex of, 32 
definition of, 6 
folding of, 70, 7/, 90 
effect of, on intraembryonic coelom, 72, 
73, 167-168, 168 
in longitudinal plane, 70, 7/, 72,72, 73 
in transverse plane, 7/, 72 
head fold of, 70, 72, 72, 73, 90 
effect of, on heart, 304, 305 
implantation site of, at 12 days, 43 
measurement of, 89-90, 90 
susceptibility of to teratogens, /52 
tail fold of, 72, 73, 90 


Embryo (Continued) 
trilaminar, formation of, 53-69 
triploblastic, 54 
Embryoblast, 33 
Embryology 
descriptive anatomic terms in, 10, 12 
developmental terms in, 1, 6 
history of, 8-10 
scope of, 7 
significance of, 7 
Embryonic disc, changes in, 56, 57 
formation of, 47, 42 
during third week, 53 
Embryonic ectoderm, formation of, 54 
Embryonic endoderm, formation of, 54 
Embryonic period, 70-91 
developmental stages in, 78(t) 
estimation of, 78(t}, 89-90 
disorders of development during, 88-89 
susceptibility to teratogens during, /52 
Ist week in, 14-37 
2nd week in, 40-52 
3rd week in, 53-69 
4th week in, 76-77, 78(t}, 79-83 
5th week in, 78(t), 84, 85 
6th week in, 78(t), 84, 85, 85 
7th week in, 78(t}, 85, 86 
8th week in, 78(t}, 85, 86-89, 88 
Embryonic staging 
stage 5, 40-43 
stage 6, 43-46 
stages 10 to 13, 76-77, 78¢t), 79-53 
stages 14 to 19, 78(t), 84-36, 85 
stages 20 to 23, 78(t), 85, 86-89, 88 
Embryotroph, 42 
Enamel hypoplasia, 443, 444 
Enamel organ, 439 
Enamel pearls, 443 
Endocardial cushion defect, with primum 
type ASD, 32], 323 
Endocardial tubes, development of, 64 
Endocardium, 304, 305, 306 
Endoderm, derivatives of, 74, 76 
formation of, 54, 53 
Endometrium, in menstrual cycle, 2/, 25-27 
in reproductive cycle, 21-23, 2/ 
Mayers of, 20, 2? 
Epibiast, formation of, 42 
Hpicardium, 304, 303, 306 
Epidermis, development of, 432433, 432 
Epigastric hernic, 175 
Epispadias, 269, 269, 270, 287-288 
Kpithalamus, development of, 394-395 
Erythroblastosis fetalis, 119 
discoloration of teeth in, 444 
Eséphagus 
atresia of, 2/8, 219, 228 
development of, 227-228 
dorsal mesentery of, 172-173, 173 
length of, abnormalities in, 228 
stenosis of, 228 
vascular ring arounc, 331-332, 331, 332 
Estrogen(s), synthesis of, by 
syncytiotrophoblast, 120 
Ethisterone, as teratogen, 154(t) 
Ethmoidal stauses, development of, 202 
Eventraiiou, of aodommal viscera, 242 
of diaphragm, 175 
Exencephaly, 401, 403 
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Exocoelomic membrane, formation of, 4/, 
42 
Expulsion stage, of labor, 123 
Exstrophy of bladder, 269, 269, 270 
External acoustic meatus, atresia of, 428 
development of, 426, 427, 427 
External ear, development of, 427, 427 
meatus of, atresia, of, 428-429 
Extraembryonic coelom, 42, 43 
Extraembryonic membrane, formation of, 
4}, 42 
Extrahepatic biliary appartus, atresia of, 233 
Eye(s) 
absence of, 422, 423 
chambers of, development of, 4/8, 
419-420 
color of, 417 
congenital malformations of, 420-422, 
420-423, 429 
development of, 413, 414-419, 416-420, 
429 
extrinsic muscles of, development of, 363 
fusion of, 422, 423 
size of, abnormalities in, 422 
Eyelid(s) 
coloboma of, 420, 420 
development of, 420 
drooping of, 421, 422 


Face, development of, 197, 198-200, 
200-20t. See also specific parts, e.g., 
Lip(s). 

Facial clefts, 277, 212 

Facial nerve, 407 

Fallot’s tetralogy, 326, 326 

Fat, for heat production, in fetus, 99 

Female pseudohermaphroditism, 283-284, 
264285, 285(t}, 286 

Feminization, testicular, 286, 287 

Fertilization 
initiation of cleavage in, 32-33 
in vitro, 36 
results of, 52-33 
sex determination in, 32 
species variation in, 32 
stages of, 30-32, 3/ 

Fertilization age, vs. gestational age, 4 

Fetal alcohol syndrome, 153, 154(t), 755 

Fetal hydantoin syndrome, 1$4(t), 156 

Fetal membranes, 111, 7/5 

Fetal Minamata disease, 157 

Fetat period, 93-108 
changes in body proportions during, 96 
changes in size dunng, 93, 98 
susceptibility to teratogens during, /52 
9th to 12th week in, 95, 95{t), 96, 97, 97 
13th to 16th week in, 95{(t), 97, 98 
17th to 20th week in, 95(t), 97, 99, 99, 102 
20th to 25th week in, 95(t), /0@, 102-103 
26th to 29th week in, 95{t), 70/7, 103 
30th to 34th week in, 103 
35th to 38th week in, /02, 103 

Fetal placenta, 113, 725, 716, 136 
circulation in, 115-116, 776 
surface of, 123, 124 

Fetography, 108 

Fetomaternal junction, 115 
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Fetoscopy, 107 
Fetus, at 9 to 12 weeks, 95, 95(), 96, 97, 97 
at 13 to 16 weeks, 95(t), 97, 98 
at 17 to 20 weeks, 95(t), 97, 99, 99, 102 
at 21 to 25 weeks, 95(0), /00, 102-103 
at 26 to 29 weeks, 95(t), J07, 103 
at 30 to 34 weeks, 103 
at 35 to 38 weeks, /02, 103 
changes in body proportions of, 96 
changes in size of, 93, 98 
definition of, 6 
delivery of, 104 
growth of, 104 
rate of, /03 
retardation of, 103-105 
harlequin, 433 
Susceptibility of, to teratogens, /52 
vernix caseosa on, 97, 432 
viable, 95(t) 
Fibrous joint(s), 347, 348, 359 
Fifth branchial arch, as redimentary 
Structure, [84(t) 
Fifth pharyngeal pouch, as rudimentary 
Structure, 188 
Finger(s) 
absence of, 369, 370, 37] 
fusion of, 370, 372, 372 
shortness of, 369, 37/ 
supernumerary , 369, 37] 
webbing of, 370, 372 
Fingernail(s), development of, 436, 436 
First arch syndrome, 191-193, {92 
First branchial arch, 179, 180 
maidevelopment of, 19{-192, /92 
Structures derived from, 179, 182, 183, 
184(t), 197 
First branchial arch syndrome, 191-192, /92 
First pharyngeal pouch, 186, 187, 187 
Fistula(s) 
anoperineal, 256, 257 
auricular, 428 
branchial, 189, 190, 191 
lingual, 197 
rectourethral, 250, 25/ 
rectovaginal, 250, 25/ 
thyroglossal duct, 197 
tracheaesophageal, 2/8, 219 
umbdtlico-ileal, 245, 246 
urachal, 268, 268 
Fixation 
of duodenum, 24/, 242 
of hindgut, 247, 249 
of intestines, 240-242, 24] 
Flexure(s), cerebral, 378, 390, 391 
Fold(s), head, of embryo, 70, 72, 72, 73, 90 
effect of, on cardiac development, 
304, 305 
on intraembryonic coelom, 
167-168, /68 
tail, of embryo, 72, 73, 90 
Follicle, ovarian, development of, 2/, 23-24, 
23 
Follicle stimulating hormone, in ovanan 
cycle, 23,25 
Follicular antrum, formation of, 25.23 
Fontanelle(s), of skull, 351, 353 
Foot 
cleft, 369, 376 
development of, 366, 367 - 








Foramen cecum, of tongue, 193, 194, 195, 
196, 197 

Foramen of Bochdalek, 175 

Foramen ovale 
opening and closing of, 308, 3/7, 313 
patent, 320, 320-322, 323 

Forebrain (prosencephalon), 392-400, 
395-401 

Foregut 3 
derivatives of, 227-239, 251. See also 

specific structures, e.g., Esophagus. 
tracheoesophageal septum dividing, 216, 
Pays 

“Forekidneys,”’ 256, 256 

Fossa ovalis, floor of, 337, 339 

Fourth branchial arch, stractures derived 
from, 184(t} 

Fourth pharyngeal pouch, /86, 187, 188 

Freemartinism, 131 

Frenulum, in tongue-tie, 197 

Frontal sinuses, development of, 202 

Fused kidney, 263, 264 

Fused ribs, 354 

Fused teeth, 444, 44¢ 


Gallbladder, development of , 23/7, 233 
Gametogenesis, 14-19 
Ganglion (ganglia), spinal, 38/, 382-383, 382 
Gangrene, of intestine, from volvulus, 243, 
245 
Gas exchange, in placenta, 119 
Gastroschisis, 243 
Gastrula, definition of, 6 
Gastrulation, 66 
definition of, 54 
Gene(s). See also Chromosomets). 
mutations of, and congenital 
malformations, 150-151, 150 
recessive, and fetal growth retardation, 
105 
General somatic afferent nuclei, 392 
General somatic efferent nuclei, 392 
General visceral afferent nuclei, 392 
General visceral efferent nuclei, 392 
Genetic sex, determination of, 272 
Genital duct(s) 
development of, 276, 278, 279 
indifferent stage in, 276, 279 
in females, 278, 280, 280 
in males, 278, 279, 279 
Structures derived from, vestigial, 277(t), 
278, 281 
Genita] system. See also specific structures, 
€.2., Gonads). 
congenital malformations of, 283-290, 
292-293 
development of, 271-283 
external, development of, 281, 282, 283 
Genitalia, ambiguous, 283~284, 284-285, 
285(t), 286-287, 287 
development of, 281, 282, 283 
Germ cells 
abnormal, 19, /9 
primordial, migration of , 272, 272 
transport and viability of, 27-30 
Germ layers, derivatives of, 74, 75-76, 90 
German measles, maternal, _ affecting fetus, 
159, 159 


























Gestational age, vs. fertilization age, 94 
Gestational time units, 93-94, 94(t) 
Gigantism, 358 
Gland(s) 
adrenal, development of, 269-271, 271 
size of, postanal changes in, 26/7, 271 
virilizing hyperplasia of, /50, 271, 284, 
284, 285, 285(t), 286 
bulbourethral, development of, 279-280 
lacrimal, development of, 420 
mammary, 436-437, 437, 438 
congenital malformations of, 438, 438 
parathyroid, absence of, 192 
ectopic, /92, 193 
supernumerary, 792, 193 
parotid, 197 
pituitary, development of, 396-398, 396, 
397(t) 
prostate, development of, 279, 279 
salivary, 197 
sebaceous, 435, 4375 
skin, 435-436, 435, 436 
sublingual, 197 
submandibular, 197 
suprarenal, development of, 269-271, 27/ 
size of, postnatal changes in, 267, 271 
virilizing hyperplasia of, /50, 271, 284, 
284, 285, 285(t), 286 
sweat, 436, 436 
thymus, accessory growths of, 792, 193 
aplasia of, 192 
transplantation of, for DiGeorge 
syndrome, 193 
thyroid. See Thyroid gland, 
Giaucoma, congenital, 421, 42/ 
Glossopharyngeal nerve, 407-408 
Gonad(s) 
dysgenesis of, 285(t), 286-287 
indifferent, 271-272, 274 
differentation of, into testes or ovaries, 
PEP BP SE) 
structures derived from, 272, 273, 277(£) 
Gonadal sex, determination of, 274 
Greater omentum, 229, 24/ 
Greatest length (GL) measurement, of. 
‘embryos, 89, 90 
Greek medicine, embryology in, 8 
Groove(s), branchial, 179, 1/80, 182, 786, 188 
laryngotracheal, in lower respiratory tract 
development, 216, 2/6 
Growth retardation, intrauterine, 103-105, 
153 
Gubernaculum, in descent of testes, 290 
structures derived from, 277{t) 
Gut, primitive, 227, 227 
incerporation of yolk sac as, 127, 128, 
137 


Hair, congenital malformations of, 435 
development of, 434-435, 435 
Hands) 
absence of, 376 
cleft, 369, 370, .371 
development of, 366, 367 
Hartequin fetus, 433 
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Head, formation of, branchial apparatus in, 
179, 212. See also Branchial arch(es). 
Head fold, 70, 72, 72, 73, 90 
effect of, on heart development, 304, 405 
on intraembryonic coelom, 167-168, /68 
Heart 
airial septal defects of, 320, 320-322, 323 
circulation through, 306, 307 
conducting system of, 318-319, 3/8 
congenital malformations of, 319-326, 
329-332 
development of, 303-306, 303-306 
bulbus cordis in, 3{5-3 17, 317~318 
cardiogenic cords in, 303, 303 
changes in sinus venosus in, 30/, 304, 
Ji2, 313 
effect of head fold on, 70, 72, 72, 304, 
305 
formation of atria in, 3/2--313, 313-314 
formation of heart wall in, 304, 3035, 
306, 363 : 
formation of pericardial cavity in, 304, 
305, 306 
heart tubes in, 303-304, 304, 305 
partitioning of atrioventricular canal in, 
306, 308, 308, 309 | 
partitioning of atrium in, 308, 309-311, 
313 
partitioning of ventricles in, 309, 314, 
314, 316, 317 
truncus artertosus in, 3/5317, 318 
displacement of, to right, 319, 3/9 
ectopic, 319, 320 
partitioning of, 306-319 
primitive, 64, 64 
three-chambered, 323 
valves of; 3/7-318, 318 
ventricular septal defects of, 322, 323 
wall of, formation of, 304, 305, 306, 363 
Heart tubes, in cardiac development, 
303-304, 304, 305 
Hemispheres, cerebral, 398-400, 398-J0/ 
absence of, 404 
Hemivertebra, 354-355, 354 
Hemolytic disease of newborn, 119 
Hemopoiesis, 233 
in liver, 233 
in spleen, 236 
Hemorrhage from implantation site, 53 
Hepatic duct(s), accessory, 233 
Hermaphroditism, 283, 285{t}, 286. See also 
Pseudohermaphroditism. "~~ 
Hernia€s} . 
diaphragmatic, 174-175, 175, i76 - 
epigastric, 175 
hiatal, 175 
inguinal, 292-293, 293 
internal, 244, 244 
midgut loop, 238, 239, 240 
reduction of, 238, 239 — 
retresternal, 175 
umbilical, 242-243 
Herpes simplex virus, as teratogen, 154(t}, 
159. 
Hiatal herntas, 175 
Hindbrain (rhombencephalon), 390-393, 
390-392 
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Hindgut 
congenital malformations of, 250, 25] 
derivatives of, 248, 252 
fixation of, 247, 249 
in development of anal canal, 249, 249 
‘“Hindkidneys,’’ 256, 257, 259, 259 
Hip, dislocation of, congenital, 372-373 
Hippocrates, embryological studies of, 8 
Hirschspring’s disease, 250, 409 
Hofbauer cells, 127, 118 
Hormone{s), synthesis of, by 
syncytiotrophoblast, [20 
transfer of, in placenta, 119 
Hormone releasing factor (GnRH), in 
reproductive cycle, 21-23, 27, 22 
Horseshoe kidney, 264-265, 264 
Human chorionic corticotropin, 120 
Human chorionic gonadotropin, 120 
in pregnancy testing, 53 
Human chorionic somatomammotropin, 120 
Human chorionic thyrotropin, 120 
Human placental lactogen, 120 
Hyaline membrane disease, 223 
Hyaloid artery, 413 
persistence of, 422 
Hyaluronidase, in acrosome reaction, 30 
Hydantoin syndrome, fetal, 154(4), 156 
Hydramnios, 126-127, 219, 403 
Hydranencephaly, 404 
Hydrocele, of spermatic cord, 293, 293 
of testis, 293, 293 
Hydrocephalus, 404, 404 
Hygroma, cystic, 341 
Hymen, 281 
imperforate, 290 
Hyotd arch (2nd branchial arch), 179, 180 
structures derived from, 179, /82, 183, 
184(t) 
Hyperpituitansm, 358 
Hypertrichosis, 435 
Hypertrophic pyloric stenosis, congenital, 
229 
Hypoblast, 33, 35 
formation of, 42 
Hypoglossal nerve, 407 
Hypoglycemic drugs, safety of, during 
pregnancy, 157 
Hyponychium, 436 
Hypophyseal portal system, transport of 
releasing factors in, 21-23, 27, 22 
Hypophysis, development of, 396-398, 396, 
397(t) 
in reproductive cycle, 21-23, 2/, 22 
Hypoplasia, enamel, 443, 444 
Hypoplastic chondrodystrophy, 358 
Hypospadias, 287, 288 
Hypothalamus, development of, 394 
in reproductive cycle, 21-23, 2] 
Hypothyroidism, 358 


ichthyosis, 433, 434 

Identical twins, 13[-[32 

Meum, connectmg with umbilicus, 245 
diverticulum of, 245-246, 245, 246 

impertorate anus, 250 





Imperforate hymen, 290 
implantation, early stages of, 35 
interstitial, 43 
stage 5 of (7 to 12 days), 40-43, 47-43 
Indifferent gonads, 271-272, 274 
differentiation of, into testes or ovaries, 
272.273 
structures derived from, 272, 273, 277(t) 
Inducer substance, in male genital duct 
development, 279 
Induction, of tissue development, 75, 76, 77 
Infancy, definition of, 6 
Infant(s), immature, 93 
premature, 93 
Infarction, of bowel, from volvulus, 243 
Infection, role of placenta in, 119, 120 
Infective teratogens, 154(t), 158-160 
Inferior vena cava, absence of hepatic 
portion of, 302 
development of, 300, 302 
double, 302 : 
Inguinal canal(s), development of, 290, 297 
Inguinal hernia, congenital, 292-293, 293 
Inheritance, See also Chromosome(s). 
multifactorial, and liability to given traits, 
161, /6/ 
in etiology of cleft lip/palate, 211 
malformations caused by, 161 
Inner ear, development of, 423-425, 424-426 
Insulin, safety of, during pregnancy, 157 
Integumentary system, development of, 
432-445 
Interatrial septum, defects of, 320, 320-322, 
323 
Internal hernia, 244, 24¢ 
Intersexuality, 283. See also 
Pseudohermaphroditism. 
conditions related to, 286-289, 287-288 
cryptorchidism in, 292 
Interventricular septum, defects of, 322, 323 
Intervillous spaces, 772, 114, 7/5 
Intestine(s) 
atresia of, 232, 245 | 
congenital malformations of, 242-247, 
242-247 
duplications of, 247, 247 
fixation of, 240-242, 24/ 
gangrene of, 243, 245 
infarction of, 243 
malrotation of, 243-245, 244 
nonrotation of, 243, 244 
rotation of, in return to abdomen, 238, 239 
mixed, with volvulus,. 243, 24¢4 
reversed, 243-244, 24¢4 
Stenosis of, 232, 245 
twisting of, and bowel infarction, 243 
and gangrene, 243, 245 
Intraembryonic coelom, 167, 167, 176 
development of, 60, 63 
effect of embryonic folding on, 72, 73, 
167-168, /68 
Intraembryonic mesoderm, formation of, 54, 
55 
Intrauterine blood transfusion, 107 
Intrauterine growth retardation, 103~105 
maternal smoking and, 153 
inversion, chromosomal, /48, 150 
Inverted nipples, 438, 438 


jodides, as teratogens, 158 

Iris, coloboma of, 420-421, 42/ 
development of, 416-418, 479 
pigmentation of, 417 

Islets of Langerhans, development of, 235 

lsochromosome, /48, 156 


Janiceps abnormality, /35 

Jaws, development of, 197, 799, 200-201, 
202 

Jelly, cardiac, 304, 306 

Joint(s) 
cartilaginous, 347, 348, 359 
development of, 347, 348, 359 
fibrous, 347, 348, 359 
synovial, 347, 348, 359 


Keratinization, disorders of, 433, 434 
Kidney(s) 
agenesis of, 261, 263, 264 
blood vessels supplying, 260-261, 261 
supernumerary, 265, 265 
congenital malformations of, 261, 263-266, 
264—267, 
development of, 256-261, 256-26! 
divided, 263 , 265, 266 
double, 263 , 265 
ectopic, 263, 264 
fetal, in regulation of amniotic fluid 
volume, 257 
lobes of, in newborn, 260, 26] 
fused, 263 , 264 
horseshoe, 264-265, 264 
‘interim,’ 256-257, 257, 258 
malrotation of, 263, 264 
pancake, 263, 264 
pelvic, 263, 264 
permanent, 256, 257, 259, 259 
polycystic, 266-267 
positional changes of, 260, 26/, 262 
rotation of, 260, 26/ 
abnormal, 263 , 264 
rudimentary, 256, 256 
supernumerary, 263, 265 
Klinefelter syndrome, 147, 147(t) 
Klippel-Feil syndrome, 354 
Knotting, of umbilical cord, 123, 125, 126 


Labioscrotal swellings, structures derived 
from, 277(t), 282, 283 
Labium majus (labia majora), formation of, 
282, 283 . 
Labium minus (labia minora), formation of, 
282 , 283 
Labor 120) 127 .. 122 
stages of, /2/-/22, 122-123 
Lacrimal glands, development of, 420 
Lacunae, formation of, 4/, 42 
Lacunar networks, formation of, 42, 43 
Lamellar ichthyosis, 433, 434 
Lanugo, 435 
Laryngeal nerve(s), 408 
recurrent, in aortic arch transformation, 
329,329 
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Laryngotracheal groove, in lower 
“respiratory tract development, 216, 2/6 
Laryngotracheal tube, structures arising 
from, 216, 223 
Larynx 
development of, 216-218, 2/7 
web formation in, 218 
Lateral mesoderm, layers of, 60, 63 
Left atrium, formation of, 3/3, 314 
Leg(s), positional changes in development 
of, 367, 367 
Lengtb measurements, of embryos, 89-90, 
90 
Lens 
absence of, 422 
development of, 418-419, 4/8 
lens vesicle in, 413,414 
opacity of, congenital, 421 
Lens vesicle, in development of lens, 413, 
414 
Lesser peritoneal sac, formation of, 229, 230 
‘*Liability threshold,’ for given traits, 161, 
161 
Ligament(s), derived from branchial arches, 
184(6} 
hepatic, 233, 235 
Ligamentum arteriosum, 337 
Ligamentum teres, 337, 338 
Ligamentum venosum, 337, 338 
Limb(s) 
absence of, 368, 369, 370 
congenital malformations of, 368-370, 
369-372 , 372-373 
cutaneous innervation of, 367-368, 368 
development of, 356, 357, 366-368, 
366-368 , 373 
muscles of, development of, 363, 366 
Limb bud(s), 366, 366 
Limbus fossae ovalis, 337, 339 
Linea alba, herniation through, 243 
Lingual thyroid, 195, 7/95 
Lip{s), cleft. See Cleft lip. 
development of, 201, 202 
clefting in. See Cleft lip. 
Lithium carbonate, as teratogen, 154(t), 158 
Liver, development of, 23], 233, 235, 
251~252 
Lobe(s), azygos vein, in right lung, 223 
of kidney, in fetus and newborn, 260, 26] 
tracheal, 219 
Lobster-claw deformity, 369, 370, 371 
LSD, as teratogen, 157 | 
Lumbar rib, 354 
Lung(s) 
accessory, 223 
aeration of, effects of, 336 
agenesis of, 223 
congenital malformations of, 223 
cysts of, 223 
development of, 219, 220, 221 
alveolar period in, 227, 222, 224 
canalicular period in, 221-222, 22], 224 
pseudoglandular period in, 221, 22/, 224 
terminal sac period in, 22/, 222, 224 
hypoplasia of, 223 
lobe of azygos vein in, 223 
Lung bud(s), 219, 220 
Luteinizing hormone, in ovarian cycle, 23, 
24, 25. 
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Lymphangioma, cystic, 341 
Lymphatic sac(s), 339-340, 340 ; 
in development of cystic hygroma, 341 
transformation of, to lymph nodes, 340 
Lymphatic system, congenital malformations 
of, 341 
development of, 339-340, 340 
Lymphatic vessels, 340 
Lymphedema, congenital, 341 
Lymph nodes, development af, 340 
Lysergic acid diethyiamide (LSD), as 
teratogen, 157 


Macrodontia, 443 
Macrogiossia, 197 
Macrostomia, 2/7, 212 
Male pseudohermaphroditism, 285(t), 286 
Malformation(s), congenital, 140-162. See 
also Chromosome(s), abnormalities of, 
and Teratogen{s). 
Malnutrition, maternal, and fetal growth 
retardation, 104 
Malretation, of intestines, 243-245, 244 
of kidney(s), 263, 264 
Mammary gland(s), congenital 
malformations of, 438, 438 
development of, 436—437, 437, 438 
Mandible, formation of, 197 
Mandibular arch (Ist branchial arch), 179, 
180 
maldevelopment of, 191-192, 792 
Structures derived from, 179, 782, 183, 
184(t), 197 
Mandibular teeth, eruption of, 441 
Masculknization, androgens and, 154-156, 
154(t), 755 
Mastoid process, growth of, 426-427 
Maternal diabetes, 157 
Maternal placenta, 7/2, 113, 7/5, 136 
* circulation in, 116-117, 776 
surface of, 123, 724 . 
Maternal smoking, teratogenic effects of, 
153 
Maxilla, development of, /99, 200-201, 202 
Maxillary sinuses, development of, 201 
Maxillary teeth, eruption of, 441 
Meckel’s diverticulum, 245-246, 245, 24 
Mediastinum, primitive, 171, 77/7 
Medieval medicine, embryology in, 8-9 
Megacolon, aganglionic, 250, 409 
Meiosis, definition of, 32 
Meiotic divisions, 14 
Membrane({s), amniochorionic, //72, 115, 
1i5, 116 
anal, 249 
persistence of, 250, 25/ 
branchial, 780, 787, 188 
cloacal, effect of tail fold on, 72, 77 
fetal, 111, 75 
oropharyngeal, formation of, 56, 59 
placental, 117-188, /17, 118, 136 
pleuropericardial, 170-172, 171 
defective fusion of, 175 
pleuroperitoneal, 172, 172, 173 
defective fusion of, 175 
pupillary, persistence of, 421 


Membranous neurocranium, 351, 352, 353 
Membranous viscerocranium, 351-352 
Meninges, congenital malformations of, 385, 
386-387, 387, 401, 402 
formation of, 383 
Meningocele(s), 387, 401, 402 
with spina bifida, 385, 386 
Meningoencephalocele, 401, 402 
Meningohydroencephalocele, 401, 402 
Meningomyelocele(s), 386~387 
with spina bifida, 385, 386, 387 
Menstrual cycle, 2/, 25-27 
anovulatory, 26 
menstrual phase mn, 26 
proliferative stage m, 26-27 
secretory phase in, 27 
Mentaf retardation, 405 
Mercury, as teratogen, 156 
Meromelia, 158, /58, 368, 369, 370 
Mesencephalon (midbrain), 393, 394 
Mesentery (mesenteries), of stomach, 228, 
229 
ventral, structures derived from, 233, 234 
Mesoblast, formation of, 54-55 
Mesoderm 
derivatives of, 74, 76 
extraembryonic, 43, 43 
extraembryonic somatic and splanchnic, 
43, 45 
intraembryonic, formation of, 54, 55 
lateral, layers of, 60, 63 
Mesonephric duct(s}, 279 
remnants of, 257, 277(t), 278, 281 
structures derived from, 277{t), 278, 279 
Mesonephric tubule(s}, development of, 
256—257, 258 
remnants of, 257, 277(t), 279 
structures derived from, 277(t) 
Mesonephros, 256-257, 257, 258 
Metabolism, placental, 118 
Metanephric diverticulum, absence of, 263, 
264 
development of, 259, 259 
division of, 263,265 — 
Metanephric mesoderm, in nephron 
development, 259, 260 
Metanephros, 256, 257, 259, 259 
Metencephaion, 392-393, 392 
Methotrexate, as teratogen, 154(t), 156 
Microcephaly, 356, 402, 403-404, 403 
Microdontia, 443 
Microencephaly, 403-404 
Microglossia, 197 
Micromelia, in thalidomide syndrome, 158 
Microphthalmos, 422 


' Microscope, in embryological studies, 9-10, 


y 
Microstomia, 2//, 212 
Microtia, 428 
Midbrain (mesencephalon), 393, 394 
Middle ear, development of, 426-427, 426 
Mideut 
congenital malformations of, 242-247, 
242-247 
derivatives of, 239-247, 252 
herniation of, 238, 239, 240 
reduction of, 238, 239 
rotation of, 238, 239 





Midgut volvulus, 244-245, 244 
‘‘Midkidneys,”” 256-257, 257, 258 
Minamata disease, fetal, 157 
Miscarriage, definition of, 6 
Mittelschmerz, 24-25 
Mixed gonadal dysgenesis, 286-287 
Mixed rotation, of intestines, 243, 244 
Mohr syndrome, upper lip cleft in, 210 
Monosomy, /42, 143, 145 
Monozygotic twins, 131—133, I3i—133, 157 
Morphogenesis, basic processes in, 75, 76 
effect of teratogens on, 70 
Morula, 33 
definition of, 6 
Mosaicism, 33, 146 
Mouth 
congenita] malformations of, 206-212, 
207 ~2 11 
- primitive, 179, 180 
facial primordia around, 197, 198 
size of, abnormalities in, 277, 212 
Miillerian duct. See Paramesonephric 
duct(s). 
Multifactorial inheritance, and liability to 
given traits, 161, /6/ 
in etiology of cleft lip/palate, 211 
malformations caused by, 161-162 
Multiple births, 129-136 
from one zygote, 131-133, 3-233, 137 
from three zygotes, [33 
from two zygotes, 730, 131, 133, 137 
incidence of, 129-130 
Multiple pregnancy, and fetal growth 
retardation, 104 
Muscle(s} 
absence of, 363-364, 364 


branchial arch, derivatives of, /84, 184(0, 


185 
cardiac, development of, 363, 366 
ciliary, 416, 419 
congenital malformations of, 363-364, 364 
development of, 361-365 
diaphragm, 174 
eye, development of, 363 
limb, development of, 363, 366 
papillary, development of, 318, 318 
pectoralis major, absence of, 363, 364 
skeletal, development of, 361, 362, 363 
smooth, development of, 363 
sternocleidomastoid, shortening of, 364, 
364 
striated, development of, 361, 362, 363 
tongue, development of, 363 
Variations in, 364 
Muscular dystrophy, 364 
Muscular system, development of, 361-365. 
See also Muscle(s}. 
Mutation, genetic, and congenital 
malformations, 150-151, #50 
Myelencephalon, 391-392, 397 
Myelination, 384, 384, 405 
Myeloschisis, with rachischisis, 388, 389 
with spina bifida, 385, 388, 383, 389 
Myocardium, 304, 305, 306, 363, 366 
Myocoele, 60, 63 
Myoepicardial mantle, 304, 305, 306 
Myoepitheliai cells, 437 
Myometrium, 20, 20 
Myostome(s), structures derived Poin: 361, 
362, 363 
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Nail(s), absence of, 436 
development of, 436, 436 
Nasal cavities, development of, 200, 
201-202, 204 
Nasal placodes, in development of face, 200, 
201 
Nasal prominences, in development of face, 
198, 199,200 
Nasal septum, development of, 203, 206 
Nasolacrimal duct, development of, 200 
Natal teeth, 443 
Neck, formation of, branchial apparatus in, 
E79, 212, See also Branchial arch{es}. 
Nephrogenic cord, in development of 
urogenital system, 255, 255 
Nephron(s), development of, 259, 260, 
260 
Nerve(s) 
abducens, 407 
accessory, 408 
branchial arch, derivatives of, 184(t), 185, 
185, 187, 195, 196-197 
structures derived from, 406, 407-408 
cranial, development of, 406-408, 406 
development of, distribution to limbs in, 
367-368, 368 
facial, 407 
glossopharyngeal, 407-408 
hypoglossal, 407 
laryngeal, 408 
in aortic arch transformation, 329, 
29 
oculomotor, 407 
- olfactory, 408 
optic, 408 
development of, 4/5 
spinal, development of, 332, 405-406 
trigeminal, 407 
trochlear, 407 
vagus, 408 
vestibulocochlear, 408 
Nervous system 
autonomic, 408-409 
central, 375-405. See also Brain and 
Spinal cord. 
parasympathetic, 409 
peripheral, 382, 405-408 
sympathetic, 408-409 
Neural érest, formation of, 61, 62 
structures derived from, 382 
Neural crest cells, derivatives of, 61, 74, 
75-76, 180, 183 
in branchial arches, 180, -183 
migration of, 408 


‘ Neural pfate, formation of, 56, 58, 61 


induction of, 77 
Neural tube, formation of, 56-59, 61-63, 
62 
induction of, 77 
structures derived from, 375, 376-379 
Neuroblast(s), 375, 380 
Neurocranium, cartilaginous, 351, 352 
membranous, 351, 352, 353 
Neuroectoderm, 61 
Neurohypophysis, development of, 396, 
397(t), 398 
Neuropore, defective closure of, 385, 389, 
401. See also Spina bifida. 
Neurula, definition of, 6 
Neurulation, 56, 58, 59, 60, 61-63, 62 
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Nevus flammeus, 434 
Newborn, hemolytic disease of, 119 
Nipple{s) 
absence of, 438 
developmeot of, 437 
inverted, 438 
supernumerary, 438, 438 
Nondisjunction, 33 
faulty chromosome distribution due to, /8, 
19, 143, 145 , 


‘Nonrotation, of intestines, 243, 244 


Norethisterone, as teratogen, 154(0 
Nose, bifid, 277, 232 
congenital malformations of, 277, 212 
Notoachord, 54 
description of, $7, 58, 59 
development of, 57-6] 
Notochordal process, formation of, 55, 56, 
56 
Nutrient transfer, in placenta, 119 


Oculomotor nerve, 407 
Odontoblastic processes, 440, 441 
Odontoblasts, 439 
Olfactory nerve, 408 
Oligodendrocyte{s), in myelination of centra! 
nerve fiber, 384, 38¢ 
Oligohydramnios, 126, 161 
bilateral renal agenesis and, 261 
Oligomenorthea, and early confirmation of 
pregnancy, 53 
Omental bursa, formation of, 229, 230 
Omentum, greater, 229, 24] 
Omphalocele, 242, 243 
Ontogeny, definition of, 7 
Oocyte{s) 
definition of, 1 
fertilization of, stages of, 30-32, 3/ 
primary and secondary, 17 
vs, sperm, 75, 17 
Oocyte transport, 25, 27 
Oogenesis, /6, 17 
abnormal, /8 
vs. spermatogenesis, /6 
Optic nerve, 408 
development of, 415 
Oral contraceptives, as teratogens, [55-156 
Organogenesis, critical periods in, 151, 52, 
162 
Oropharyngeal membrane, 46, 59 
formation of, 56, 59 
Ossification 
endochondral, 346, 347 
disturbances of, 358 
intracartilaginous, 346 , 347 
intramembranous, 344-345, 345, 347 
of vertebrae, 349-350, 350 
Osteoblasts, activity of, 345, 347 
Osteoclasts, activity of, 345, 347 
Otic vesicle, in development of ear, 
423-425, 424-425 ¢ 
Ovarian cycle, 27, 23-25 . 
corpus hiteum in, 25, 25 
follicular development in, 27, 22, 23 
FSH and LH in, 23 
ovulation in, 24-25, 25, 26, 28 


Ovarian follicle, development of, 27, 23-24, 
23 
vesicular, 23 
Ovarian pregnancy, 48 
Ovary (ovaries), 20 
descent of, 292 
development of, 273, 274, 275, 276 
dysgenesis of, 274 
in reproductive cycle, 2]—23, 2/ 
Ovulation, 24-25, 25, 26, 28 
induction of, 25 
oocyte transport in, 25, 27 
Sperm transport in, 20, 27 
Ovum (ova), fertilization site of, 20, 28, 36 
human, in vitro fertilization of, 36 
Oxycephaly, 355-356, 356 


Pafate, cleft. See Cleft palate. 
development of, 200, 203, 204, 206 
clefting in. See Cleft palate. 
Pancake kidney, 263, 264 
Pancreas 
accessory growths of, 235 
anular, 235, 237 
congenital malformations of, 235, 237 
development of, 23/7, 234-235, 236 
histogenesis of, 235 
Papillae, of tongue, 196 
Papillary muscles, development of, 318, 318 
Paracentric chromosomal inversion, 748, 150 
Paramesonephric duct(s), 279 
remnants of, 277(t), 278, 281 
structures derived from, 277(t), 278, 279, 
280, 280 
Paramethadione, as teratogen, 156 
Paranasa] sinus(es), development of, 
201-202, 353-—354 
Paraphysis, 395 
Parasitic twin, 133, 135 
Parasympathetic nervous system, 409 
Parathyroid glands, absence of, 192 
ectopic, 792, 193 
supernumerary, /92, 193 
Parotid gland, 197 
Parthenogenesis, 32 
Parturition, 120, 122, 122~123, 122 
Pectoral girdle, 356 
Pectoralis major muscle, absence of, 363, 
364 
Pelvic girdle, development of, 356 
Pelvic kidney, 263, 264 
Penicillin, safety of, during pregnancy, 156 
Penis 
agenesis of, 288-289 
bifid, 289 
congenital malformations of, 269, 269, 
270, 287~289, 288 
development of, 268, 268, 282, 283 
double, 289 
retroscrotal, 289 
size of, abnormalities in, 289 
urethral orifice on dorsal surface of, 
287-288 
urethral onfice on ventral surface of, 287, 
288 
Pentasomy, 145-146 


Pericardial cavity, 167, 168, /68-376 
formation of, 304,305, 306 
separation of, from pleural cavity, 171, /7/ 
Pericardioperitoneai canals, 167-168, /69, 
170 
partition formation in, 170, 177. See also 
Pleuropericardial membranes and 
Pleuroperitoneal membranes. 
Pericardium, congenital defects in, 175 
Pericentric chromosomal inversion, 150 
Perimetrium, 20, 20 
Perinatology, 105-108, /05-207 
Period(s), embryonic, 70-93 
fetal, 93-110 
menstrual, 25-27 
prenatal, 1-6, 14-37 
reproductive, 21-27 
somite, 63 
Periodontal ligament, 441 
Peripheral nervous system, 382, 405-408 
Peritoneal cavity, 167,.168, 1/68, 169 
separation of, from pleural cavities, 172, 
y2cctrs 
Peritoneal sac, lesser, formation of, 229, 230 
Phallus, formation of, 281, 282 
structures derived from, 277(t), 242, 283 
Pharyngeal arch. See Branchial arch(es), 
Pharyngeal pouch(es), /80, 18/, 187 
derivatives of, 286, 187-188, 2&7 
Ist, 186, 187, 787 
2nd, /86, 187, 287 
3rd, 186, 187~188, 787 
4th, 786, 187, 188 
5th, as rudimentary structure, 188 
Phenytoin, as teratogen, 154{t), 156 
Philtrum, formation of, 199, 200, 201, 202 
Phrenic nerves, supplying diaphragm, 174 
Pia mater, 383, 384 
Piebaldism, 434 
Pierre Robin syndrome, 192 
Pigmentation, of iris, 417 
of skin, 433, 434 
Pineal body, development of, 395 
Pinocytosis, and transport of maternal 
antibodies, 119 
Pituitary gland, development of, 396-398, 
396, 397(t) 
Placenta 
accessory, /25 
activities of, 118-120, 137 
antibody transfer in, 119 
battledore, 123, 124 
changes in, and fetal growth retardation, 
104-105 
circulation in, 115-117, 776 
cotyledons of, 114, 7/6, 123, 124 
decidual septa of, 114, //6 
development of, 111-118 
drug diffusion in, 120 
electrolyte exchange in, 119 
endocrine secretion in, 120 
fetal, 113, 715, 116, 136 
circulation in, 115-116, 7/6 
surface of, 123, 124 
from quadruplets, 736 
from triplets, 136 
from twins, /30-132, 131-132 
full-term, 123, /24-125, 126 
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Placenta (Continued) 
gas excbange in, 119 
hormone synthesis in, 126 
hormone transfer in, 119 
maternal, //2, £13, 725, 136 
circulation in, 116-117, [76 
surface of, 123, 124 
membrane of, £36 
metabolism in, 118 
nutrient transfer in, i119 
pathogen transfer in, 120 
separation of, 115, /2] 
sbape of, 114, 123 
structure of, 111-118 
transfer activity in, 118-120, 7/8 
waste diffusion in, 119-120 
Placental membrane, 117-118, //7, 128, 136 
Placental septa, 114, 716 
Placental stage, of labor, 123 
Placode(s), nasal, in development of face; 
200, 201 
Plagiocephaly, 356, 356 
Planes, anatomical, /7, 12 
Pleura, development of, 219, 220, 221 
Pleural cavities, 167, 171, 272 
separation of, from pericardial cavity, 171, 
i7l 
from peritoneal cavity, 172, 172, 173 
Pleuropericardial membrane, defective 
fusion of, 175 
Plevroperitoneal membranes, defective 
fusion of, 175 
Plexus, choroid, 393, 399, 399 
scalp vascular, 86 
Polar bodies, 17 
Polycystic kidney disease, 266-267 
Polydactyly, 369-370, 37! 
Polyhydramnios, 127 
anencephaly associated with, 403 
effects of, 219, 227 
Polymastia, 438, 438 
Polyploidy, 146, 148-149 
Polyspermy , 30 
Polythelia, 438 , 438 
Port-wine stain, 434 
Postductal coarctation of aorta, 329, 330, 
331 
Posterior chamber, of eye, development of, 
419-420 
Postmaturity syndrome, 104 
Postnatal period, maturation of ovam in, 17 
stages of, 6 
Predentin, 439, 440 : 
Preductal coarctation of aorta, 330, 331 
Pregnancy — 
corpus luteum of, 25 
duration of, 93-94 
from fertilization, 93-94, 94(t) 
from last menstrual period, 93--94, 94(t) 
ectopic, abdominal, 49, 49 
cervical, 49 
ovarian, 48 
uterine tubal, 46-48, 47, 48 
multiple, 129-136. See also Multiple births 
and specific cases, e.g., Twins. 
radiation exposure during, 160-161 
simultaneous intrauterine and 
extrauterine, 49 
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Pregnancy (Continued) 
teratogenesis during. See Teratogen{s). 
ultrasound in early confirmation of, 53 
uterine growth during, 120, /2/ 
Pregnancy wastage, 36 
Prenatal period, primary oocyte formation 
during, 17 
Stages of, 1, 2-5, 6.-See ulso specific 
stages and Development, periods of, 
prenatal, 
Prepuce, development of, 283 
Primary oocytes, 17 
Primary (primitive) yolk sac, formation of, 
4}, 42 
Pnomitive alveoli, 222 
Primitive atrium, partitioning of, 308, 
SO9-31}, 313 
Primitive gut, 227, 227 
incorporation of yolk sac as, /27, 128, 137 
Primitive heart. See Heart, development of. 
Primitive mouth, 179, /8@ 
facial primordia around, 197, 798 
Primitive streak, fate of, 57 
formation of, 53, 54-57, 55 
Primitive ventricle, partitioning of, 309, 314, 
314, 316, 347 
Primordial germ cells, migration of, 272, 272 
Primordium, definition of, 6 
Primum type atrial septal defect, endocardial 
cushion defect with, 327, 323 
Processus vaginalis, persistence of, 292-293, 
293 
Prochordal plate, 56, 56 
formation of, 45, 46 
Proctodeum, in development of anal canal, 
249, 249 
Progesterone, synthesis of, during gestation, 
120 
Progestin(s), as teratogens, 154-155 
Pronephros, 256, 256 
Prosencephalon (forebrain), 393-400, 
395-40] 
Prostate gland, development of, 279, 279 
Protein hormone(s), synthesis of, by 
syncytiotrophobdlast, i20 
Pseudoglandular period, in Jung 
development, 221, 227, 224 
Pseudohermaphroditism, 283 
female, 283-284, 284-285, 285(t), 286 
male, 285(t}, 286 
Ptosis, 42], 422 
Puberty, definition of, 6 
Pulmonary trunk, atresia of, 326 
stenosis of, 325, 326, 326 
twisting around aorta, 3/5, 317-318 
Pulmonary vein(s), draining into right 
atrium, 314 
Pupil, connective tissue strands over, 42] 
Pupillary membrane, persistent, 42| 


- Pylorus, stenosis of, 229 


Q bands, 141, 147 

Quadruplets, placentas from, /36 

Quinacnine fluorescence staining, /06, 141], 
14], 147 
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Rachischisis, 354, 355 
with myeloschisis, 388, 3&9 
Radiation, as teratogen, 154(t), 160-161 
Radius, absence of, 369 
Rathke’s pouch, structures derived from, 
396-398, 396 
Reciprocal chromosomal translocation, /48, 
149 
Rectourethral fistula, 250, 25/ 
Rectovaginal fistula, 250, 257 
Rectum, atresia of, 250, 25/ 
congenital malformations of, 250, 25/ 
formation of, 248, 249 
Recurrent laryngeal nerves, in aortic arch 
- transformation, 329, 329 
Renaissance medicine, embryology in, 9 
Renal arteries, accessory, 265, 265 
Renal veins, accessory, 265, 265 
Reproductive cycle, hypophysis in, 21-23, 
2! 


hypothalamus in, 21-23, 2/ 
ovaries in, 2i~23, 2/ 
Reproductive system, development of, 
278-280, 279-281, 282, 283 
Respiratory distress syndrome, 223 
Respiratory system, development of, 
216-224. See also specific parts, €.£., 
Lung(s). 
Retardation, mental, 40S 
Retina, coloboma of, 421 
detachment of, congenital, 422 
development of, 413, 416, 4/6-4/8 
Reversed rotation, of intestines, 243-244, 
244 
Rhombencephalon (hindbrain), 390-393, 
390-392 
Rib(s) 
accessory, 354, 354 
cervical, 354, 354 
development of, 350, 350 
fusion of, 354 | 
lumbar, 354 
Rickets, and enamel hypoplasia, 443 
Right aortic arch, 331-332, 33/, 332 
Right atrium, anomalous drainage of 
pulmonary veins. into, 314 
formation of, 3/2, 313-314 
Ring chromosomes, /48, 150 
Rotation 
of intestines, in return to abdomen, 238, 
239 
to anomalous sites, 243, 244 
of kidney, 260, 26/ 
fo anomalous sites, 263, 264 
of midgut, 238, 239 
of stomach, 228, 229 ; 
Rubdella virus, as teratogen, 154{t}, 159, 759 


¢ 


Sac. See specific structures, e.g., Lymphatic 
sac(s). 

Saddle anesthesia, 388 

Salivary glands, 197 

Scaling, of skin, 433, 434 

Scalp vascular plexus, & 

Scaphocephaly, 355, 356 





Schwann cell(s), in myelination of perypheral 
nerve fiber, 384, 784 
Sclera, development of, 420 
Sclerotome, 344, 3435 
in development of vertebrae, 348, 349 
Scoliosis , 354, 355 
Scrotum, formation af, 282, 283 
transposition of, with penis, 289 
Sehaceous gland(s), development of, 435, 
435 
Second branchial arch, 179, /80 
structures derived from, 179, [82, 183, 
184(t) 
Second pharyngeal pouch, /86, 187, /87 
Secondary oocytes, 17 
fertilization of, 30 
parthenogenetic cleavage of, 32 
Sections, anatomical, /7, 12 
Secundum type atrial septal defect, 320, 32/, 
i Pa 
Semilunar valves, development of, 3/7, 318 
Septate uterus, 289, 289 
Septum (septa) 
aorticopulmonary, defect of, 323 
interatrial, defects of, 320, 320-322, 323 
interventricular, defects of, 322, 323 
nasal, development of, 203, 206 
placental, 114, //6 
tracheoesophageal, dividing foregut, 216, 
217 
transverse, 168, /70, 172, £73 
urorectal, 248, 249 
abnormal development of, 250 
Septum primum, structures derived from, 
aoiscdoe 
Septum secundum, structures derived from, 
aa) tee 
Septum transversum, 168, /70, 172, #73 


‘Sex, determination of, 32 


factors determining, 272, 274 
genetic, determination of, 272 
gonadal, determination of, 274 
Sex chromosome(s), trisomy of, 145, 147, 
147(t) 
Sex duct(s). See Genital ducts}. 
Septuplets, 737 
‘* Siamese”’ (conjoined) twins, 133, 133-135 
Simian crease, in Down syndrome, /44 
Simonart’s band, joining parts of incomplete 
cleft lip, 207, 207 
Sinus(es) 
auricuiar, 789, 428 
branchial, 189, 190, 191 
cervical, /82, 183, 186, 188 
dermal, 385-386, 386 
ethmoid, development of, 202 
frontal, development of, 202 
maxillary, development of, 201 
paranasal, development of, 201-202, 
353-354 
sphenoid, development of, 202 
thyroglossal duct, 194-195, 194 
umbilical , 245 
urachal, 268, 268 
urogenital, structures derived from, 277(1), 
278, 281 
Sinus tubercle, structures derived from, 
277(t), 281 
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Sinus venosus, development of, 307, 304, 
312, 313 
stnictures derived from, 3/2, 313 

Sinus venosus type atrial septal defect, 32/, 
323 

Situs inversus, 319 

Sixth branchial arch, structures derived 
from, 184(t) ; 

Skeletal muscle({s), development of, 361, 
362, 363 

Skeletal system(s), development of, 348-359. 

. See also Skeleton. 

Skeleton, appendicular, 356-357, 357, 358 
axial, 348-354. See also Axial skeleton. 
congenita! malformation of, 354-356, 

354-356, 358 

Skin 
absence of, 434 
angiomas of, 433-434 
congenita! malformations of, 433-434, 434 
development of, 432-433, 432 
glands of, 435-436, 435, 436 
pigmentation of, 433, 434 
scaling of, 433, 434 

Skin dimple, associated with spina bifida 
occulta, 385-386 

Skull 
congenital malformations of, 355-356, 355, 

356, 401, 402, 403, 403 
defective closure of, 40!, 402 
development of, 351-354, 352, 353 
fonianelles of, 351, 353 
growth of, postnatal, 352-354 
of fetus, 352, 353 
of neonate, 352 
sutures of, 351, 353 

premature closure of, 355-356, 356 
vauit of, 351 

absence of, 355, 355 

Small intestine, duplications of, 247, 247 

Smoking, maternal, and fetal growth 
retardation, 104 

Smooth chorion, 13, //3, 714 

Smooth muscle, development of, 363 

Somatic efferent cranial nerves, 406-407, 
406 

Somatopleure, formation of, 60, 63 

Somite(s), formation of, 60, 63, 344, 345 

Somite period, 63 

Special sensory nerves, 408 

Special somatic afferent nuclei, 392 

Special viscera! afferent nuclei, 392 

Special visceral efferent nuclei, 392 

Sperm(s} 
capacitation of, 29-30 
transport of, 20, 27 
vs. oocyte, 15, 17 
yiability of, 28-39 

Sperm counts, 28 

Spermatic cord, hydrecele of, 293, 293 

Spermatogenesis, 15, /6 
abnormal, 78 
vs. oogenesis, 16 

Spermatozoa. See Spermis). 

Sphenoid sinuses, development of, 202 

Spina bifida, 385, 385 
with diastematomyelia, 388 
with meningocele, 385, 386 
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Spina bifida (Continued) 
with meningomyelocele, 385, 386, 387 
with myeloschisis, 385, 388, 388, 389 
Spina bifida cystica, 354, 385, 386-388, 
387-389, 390 . 
Spina bifida occulta, 354, 385, 385 
Spinal cord 
bifid. See Spina bifida. 
congenital malformations of, 385-388, 
385-389, 390 . 
development of, 375, 378-384, 379-380, 
382-384 
alar plates in, 379-380, 379, 38! 
basal plates in, 379, 379, 380, 387, 382 
gangha in, 38/7, 382-383, 382 
meninges in, 383 
myelination in, 384, 384 
positional changes in, 383-384, 383 
vs. growth of vertebral column, 383, 
383. See also Vertebral column. 
Spinal dermal sinus, 385-386, 386 
Spinal gangha, 387, 382-383, 382 
Spinal nerve(s), development of, 382, 
405-406 
Splanchnopleure, formation of, 63 
Spleen, accessory, 236, 239 
development of, 228, 235, 237 
histogenesis of, 236 
Spontaneous abortion, abnormal zygotes 
and, 36 
Stapes, fixation of, 428 
Stenosis, See under specific organ, ¢.g., 
Duodenum, stenosis of. 
Sterility, in men, abnormal, immotile sperm 
and, 79, 28 
Sternocleidomastoid muscle, shortening of, 
364, 364 
Stemmocostal hiatus, herniation through, 
175 
Sternum, cleft, 355 
development of, 35] 
Steroid hormone(s), synthesis of, by 
syncytictrophoblast, 120 
Stigma, in ovulation, 24, 25 
Stomach 
development of, 228-229, 228, 230 
malformations of, 229 
mesenteries of, 228, 229 
pylorus of, stenosis of, 229 
rotation of, 228, 229 
Stomodeum, 179, 180 
facial primordia around, 197, 198 
Streptomycin derivatives, as teratogens, 156 
Striated muscle(s), development of, 361, 
362, 363 
Subcardinal veinfs}), 299, 300 
Subclavian artery. origin of, abnormal, 332, 
333 
retroesophageal, 332, 333 
Sublingual glands, 197 
Submandibular glands, 197 
Sudden infant death syndrome, 319 
Sulcus, terminal, of tongue, 195, 196, 196 
Superfecundation, 136 
Superfetation, 136 
Superior vena cava, development of, 299 
left cardinal veins in, 302 
double, 362, 302 


Supernumerary breasts, 438, 438 
Supernumerary teeth, 443, 444 
Suppressor substance, in male genital duct 
development, 279 
Supracardinal vein(s}, 299, 300, 302 
Suprarenal gland(s) 
development of, 269-271, 27/ 
hyperplasia of, and virilization, /50, 271, 
284, 284, 285, 285(t), 286 
size of, postnatal changes in, 26/, 271 
Surfactant, pulmonary, 222-223 
Suture(s}, cranial, 351, 353 
premature closure of, 355-356, 356 
Sweat gland({s), development of, 436, 436 
Sympathetic nervous system, 408-409 
Syncytiotrophoblast, 33, 35 
formation of, 40, 4/ 
hormones synthesized by, 120 
Syncytium, formation of, 33, 35 
Syndactyly, 370, 372, 372 
Syndrome(s} 
adrenogenital, 271, 284, 286 
as cause of female pseudo- 
hermaphroditism, 271 
cri du chat, 149, /49 
DiGeorge, 192-193 
Down, 33, 144, 144(t), 145, 146, 323 
fetal alcohol, 153, 154(t), 755 
first arch, 191-192, 192 
hydantoin, 154(t), 156 
+ Kiinefelter, 147, 147(t) 
Klippel-Feil, 354 
Mohr, 210 
Pierre Robin, 192 
respiratory distress, 223 
sudden infant death, 319 
thalidomide, 154(t), 158, 758 
transfusion, fetal, 232 
Treacher Collins, 191-192 
trisomy, 144(t), 145, 745, 146, 146 
Turner, /42, 143, 145 
VACTERAL, 155 
Synostosis, 372 
Synovial joint(s), 347, 348, 359 
Syphilis, congenital, and differentiation of | 
teeth, 443, 444 


Tags, auricular, 428 
Tail fold, of embryo, 72, 73, 90 
Talipes equinovarus, 372, 372 
Taste buds, of tongue, 196 
Teeth 
abnormal size of, 443 
congenital abnormahties of, 442-445 
deciduous, 439 
premature eruption of, 442 
development of, normal stages of, 438-444 
bell, 439, 440, 447, 442 
cap, 439, 440, 441 
discolored, 444 
eruption of, 440, 441, 443 
premature, 442 
fused, 444, 444 
order and time of eruption and shedding 
of, 4431 
supernumerary, 443, 444 





Telencephalon, 398-400, 398-4¢@! 
Teratogen(s), 151, 153 
aicohol as, 153-154, 154¢t}, 255 | 
alkaloids as, 153 
aminopterin as, 154(t), 156, /57 
androgens as, 154~156, 154(t), £55 
antibiotics as, 156 
anticoagulants as, 154(t), 156 
anticonvulsants as, 156 
antineoplastic agents as, 154{t), 156 
busulfan as, 154(t), 156 
cortisone as, 156 
cytomegalovirus as, 154{t), 159 
definition of, 70, 53 
diazepam as, [58 
diphenylhydantoin as, 154(t), 156 
drugs as, 153-158, 154(t) 
drugs of abuse as, 153-154, 154(t), 
157-158 
effects of, 70, 89 
environmental chemicals as, 156-157 
ethisterone as, 154(t) 
herpes simplex virus as, 154(t), 159 
infective, 154(t), 158-160 
iodides as, 158 
lithium carbonate as, 154(t), 158 
mechanical forces as, 161 
mercury as, 157 
methotrexate as, 154(t), 156 
nicotine as, 153 
norethisterone as, 154(t) 
oral contraceptives as, 155-156 
paramethadione as, 156 
periods of susceptibility to, 152 
phenytoin as, 154(t}, 156 
progestins as, 154-155 
radiation as, 154{t), 160-161 
rubella virus as, 154(t), 159, 759 
streptomycin derivatives as, 156 
tetracyclines as, 156 
thalidomide as, 70, 154(t), 158, /58, 368, 
369 
thyroid drugs as, 158 
Toxoplasma gondii as, 154(t), 159-160 
tranquilizers as, 154(t}, 158 
trauma as, 161 
Treponema pallidum as, 154(t), 160 
trimethadione as, 156 
viral, 154(t), 158-159 
wartarin as, 154(t), 156 
Teratogenesis, 88-89, 162 
testing of drugs for, in animals, 153 
Teratology, definition of, 7 
human, 140-162. See also Chromo- 
some(s), abnormalities of, and 
Teratogen{s). 
origins of, 10 
- Terminal sac period, in lung development, 
221, 222; 724 
Terminal sulcus, of tongue, /95, 196, 796 
Testicular feminization syndrome, 286, 
287 
Testis (testes) 
descent of, 290, 292, 292 
abnormal, 292, 292 
development of, 273, 274, 275 
ectopic, 292, 292 
hydrocele of, 293, 293 


> 
. 
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Testis (testes) (Continued) 
presence of, in extreme male 
pseudohermaphroditism , 286 
undescended, 292, 292 
Testosterone, mascuiimizing effects of, 155 
Tetracyclines, as cause of discolored teeth, 
444 
as teratogens, 156 
Tetralogy of Fallot, 326, 326 
Tetraploidy, 448-149 
Tetrasomy, 145-146 
Thalidomide, as teratogen, 70, 154(t), 158, 
158, 368, 369 
Thalamus, deveiopment of, 394 
Theca folliculi, development of, 2/, 23 
Theca interna, 21, 24 
Third branchial arch, structures derived 
from, 184{t) 
Third pharyngeal pouch, /86, 187-188, /87 
Thoracic duct({s), devefopment of, 340, 340 
Thoracopagus, 133, /34, 235 
“Threshold of hability,”’ to given traits, 161, 
{61 
Thymus, accessory growths of, /92, 193 
aplasia of, congenital, 192 
transplantation of, for DiGeorge 
syndrome, 193 
Thyroglossal duct, 193, /93 
cyst(s) arising from, 194, 194, 197 
fistula formation from, 197 
persistence of, 194, 194 
sinus formation from, 194-195, / 94 
Thyroid drugs, as teratogens, 158 
Thyroid gland 
accessory growths of, 195, /95 
congenital malformations of, 194-195, /94, 
195 
development of, 193-194, /93 
ectopic, 195, /95 
histogenesis of, 194 
lingual, 195, #95 
Toe({s} 
absence of, 369, 370 
fusion of, 370, 372, 372 
shortness of, 369 
supernumerary, 369-379, 37/ 
webbing of, 370, 372 
Toenails, development of, 436 
Tomes’ dentinal fibers, 441 
Tongue 
bifid, 197 
cleft, 197 
congenital malformations of, 197 
cysts of, 194, 197 
development of, 195-197, 195, 196 
fistulas of, 197 
foramen cecum of, 193, 194, 795, 196, 197 
frenular interference with, 197 
muscles of, development of, 363 
nerve supply of, /95, 196-197 
oral part of, 795, 196, 796 
papillae of, 196 
pharyngeal part of, 195, 196, 196 
size of, abnormalities in, 197 
taste buds of, 196 
terminal sulcus of, /95, 196, 796 
Tongue-tie, 197 
Tooth buds, 439, 439, 440 
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Tooth-bearing cyst, 444 
Tooth germs, 439 


-Torticollis, 364, 364 


Total anodontia, 443 
foxepiasma gondii, as teratogen, 154({t), 
159-160 
Trachea 
atresia of, 219 
development of, 218, 278 
diverticulum of, 219 
stenosis of, 219 
vascular ring around, 331-332, 337, 332 
Tracheoesophageal fistula(s), 278, 219 
Tracheoesophageal septum, dividing foregut, 
216, 217 
Tranquilizer(s), as teratogens, 154(t), 158 
Transfer activity, in placenta, 118-120, {78 
Transfusion, intrauterine, 107 
Translocation, chromosomal, /48, 149 
Translocation carriers, {49 
Transposition of great vessels, 323, 324, 325 
Transverse septum, 168, /7@, 172, 173 
Trauma, as teratogen, 161 
Treacher Collins syndrome, 194-192 
Treponema pailidum, as teratogen, 154(t}, 
160 
Trigeminal nerve, 407 
Trilamioar embryo, formation of, p69 
Trimester, definition of, 6 
Trimethadione, as teratogen, 156 
Triplets, 133, 136 
placentas from, /36 
Triploblastic embryo, 54 
Triploidy, 146, 148 
Trisomy 
karyotype findings in, /46 
nondisjunction and, /43, 145 
of autosomes, /44, 144(t), 145, 145, 146 
of sex chromosomes, 145, /47, 147(t) 
Trisomy 13 syndrome, [44(t), 145, /46 
karyotype findings in, /46 
Trisomy 18 syndrome, 144(t), 145, /45 
karyotype findings in, /46__ 
Trisomy 21 syndrome, 144, [44(t), 145 
karyotype fiodings in, /46 
Trochlear nerve, 407 
Trophobiast, 33, 35 
Truncus arteriosus 
in development of heart, 3/5-3/7, 318 
partitioning of, 3/5, 317, 325 
unequal, 325~326, 325, 326 
persistence of, 323, 324 
Tube(s), developmental processes forming, 
75 
Tubular duplication(s), of intestines, 247, 
247 
Tubulefs) 
mesonephric, development of, 256-257, 
2T1(t) 
remnants of, 257, 277(i) 
structures derived from, 277{t), 279 
uriniferous, formation of, 259, 260 
Tunica albuginea, in testis development, 
274, 276 
Tumer syndrome, /42, 143, {45 
Twins, 130-131 
conjomed, 133, /33-/35 
dizygotic, /3@, 131, 137 
identical, 131-132 
monozygotic, 131-133, 73/-233, 13? 


Twins (Continued } 
parasitic, /33, 135 
placenta(s) from, /30—/32, 131—132 
‘Siamese’ (conjoined), 133, /33—/35 


Ultrasonography, in estimation of fetal age, 
90, 94, 107-108, 707 
in evaluation of fetal abnormalities, 108 
Umbihcal artery (arteries), 123, 126, 726, 
299, 303 
Structures dertved from, 337 
Umbilical cord, 123, 124—125, 126, 126 
amnion sheathing, 123, 126, 727 
knots in, 123, /25, 126 
looping of, 126, 728 
marginal attachment of, 123, /24 
vasculature of, 123, /25, 126, /26 
velamentous insertion of, 123, 725 
Umbilical sinus, 245 
Umbilical vein(s}, 123, 726, 298, 299, 300 
structures derived from, 337 
Umbilico-ileal fistula, 245, 246 
Umbilicus, connecting with ileum, 245 
Undescended testis, 292, 292 
Unicornuate uterus, 289, 290 
Upper tip, philtrum of, 200, 20/ 
Urachus 
congenital malformations of, 268, 268 
cyst(s) of, 268, 268 
development of, 262, 267, 267 
fistula formation in, 268, 268 
sinus formation in, 268, 268 
Ureter(s), bifid, 263, 265, 266 
congenital malformations of, 263, 265~266 
double, 266 
ectopic orifices of, 266 
Ureteric bud, absence of, 263, 264 
development of, 259, 259 
division of, 263, 265 
Urethra . 
development of, in female, 262, 268 
in male, 262, 267-268, 268, 282, 283 
orifice of, on dorsal surface of penis, 
287-288 | 
On ventral surface of penis, 287, 288 
Urinary bladder, congenital malformations 
of, 269, 269, 270 
development of, 262, 267, 267 
exstrophy of, 269, 269, 270 
Urinary system, See also specific structures, 
€.g., Kidney(s). 
development of, 254-270, 293-294 
duplications of, 263, 265, 266 
Urine, formation of, 257 
Uniniferous tubule(s), formation of, 259, 260 
Urogenital folds, structures derived from, 
277(t), 282, 283 
Urogenital nidge{s), in development of 
urogenital system, 255, 256 
Urogenital sinus, structures derived from, 
277{t), 278, 281 
Urogenital system, development of, 
254-2594. See also Urinary system and 
Genital system. 
Urorectal septum, 248, 249 
abnormal development of, 250 
Uterine (endometrial) cycle, 27, 25-27 
Uterine tubal pregnancy, 46-48, 47, 48 














Uterine tubes, frontal section of, 20 
implantation in, 46, 47, 48 
Uteroplacental interaction, impaired blood 
flow in, and fetal growth retardation, 104 
Uterus 
absence of, 290 
bicornuate, 289, 289 
congenital malformations of, 289-290, 289 
double, 289, 289 
frontal section of, 20 
growth of, during pregnancy, 120, /2 
septate, 289, 289 
unicormuate, 289, 290 
Uterus dide!phys, 289, 289 


VACTERAL syndrome, 155 
Vagina, 20 , 
absence of, 290 
atresia of , 290 
congenital malformations of, 289, 289, 290 
development of, 278, 281 
double, 289, 289 
Vagus nerve, 408 
Valve(s), atrioventricular, development of, 
318, 348 
semilunar, development of, 377, 318 
Vascular ring, tracheoesophageal, 331-332, 
3312 332 
Vascular system. See Artery (artertes} and 
Vetn(s). 
Vein(s) 
azygos, lobe of, in right lung, 223 
cardinal, 170-172, 771, 298-299, 299-307 
development of, 298-299, 299-307, 302 
pulmonary, draining into right atrium, 314 
renal, accessory, 265, 265 
subecardinal, 299, 300 
supracardinal, 299, 300, 302 
umbilical, 123, /26, 298, 299, 300 
structures derived from, 337 
vitelline, 298, 299, 300 
Velamentous insertion, of umbilical cord, 
123, lee | 
Vellus, 435 . 
Vena(e) cavate), congenital malformations 
of, 302, 302 
development of, 299, 300, 302 
inferior, absence of hepatic portion of, 302 
development of, 300, 302 
double, 302 
superior, development of, 299 
double , 302, 302 
left cardinal veins in, 302 
Ventral mesentery, structures derived from, 
233, 234 
Ventricle(s), primitive, partitioning of, 309, 
914,314,216, 417 
septum separating, defects in, 322, 323 
- Ventricular septal defects, 322, 323 
Vermiform appendix, development of, 242, 
242 
Vernix caseosa, 97, 432 
Vertebra(e} 
chondrification of, 349, 350 
devetopment of, 348-350, 349, 350 
qncomplete, 354-355, 354 
number of, variations in, 350 
ossification of, 349-350, 350 


INDEX 


Vertebral column 
cleft of, 354, 755 
congenital malformations of, 354-355, 354, 
5) 
development of, 348-350, 349, 350 
diverticular attachment to, 247 ~ 
growth of, vs. spinal cord development, 
383, 383. See also Spinal cord. 
Vesicle(s) 
brain, 378, 390-400, 790-392, 394-401 
developmental processes forming, 75 
lens, 413, 474 
otic, in development of ear, 423-425, 
424-425 
Vesicular follicle, 23 
Vessels, developmental processes forming, 
75 
Vestibulocochlear nerve, 408 
Vestige, branchial, /89, 191, /9! 
Vili, chorionic, 43, 45 
development of, 65, 66, 67 
Villous chorion, 113, /73, Ji4 
Virilizing adrenal hyperplasia, congenital, 
150, 284, 284, 285, 285(t), 286 
Viruses, as teratogens, 154(t), 158-159 
Viscerocranium, cartilaginous, 351 
membranous, 35[-352 
Visual acuity, in newbern, 420 
Vitelline artery (arteries), 299, 303 
Vitelline cysts, 245 
Vitelline veins, 298, 299, 300 
Volvulus, midgut, 244-245, 244 
with mixed rotation of intestines, 243, 244 
Vomerenasal organs, 204-205, 205 


Warfarin, as teratogen, 154(t}, 156 
Waste diffusion m placenta, 119-120 
Web, laryngeal, 248 

Webbing, of fingers or toes, 370, 372 
Wharton's jelly, 123 

Wolffian duct. See Mesonephric duct. 
Wryneck, 364, 364 


XXX female(s}, 145, 147, 147(t) 


XXY male(s), 145, #47, 147(t} 


Y chromosome, fluorescence of, on 
quinacrine: staining, 706, 141, /47 
in sex determination, 274 
Yolk sac, {27, 128-129 
incarporation of, as primitive gut, /27, 
-128, 137 
secondary, formatien of, 42, 43 
Yolk stalk, remnant{s), of, 245 
Meckel’s diverticutum as, 245-246, 245, 
246 


Zona lysin, in acrosome reaction, 30 
Zona pellucida, formation of, 23, 23 
Zona reaction, 30 
Zygote(s}, 32 
abnormal, and spontaneous abortion, 2 
cleavage of, 33, 34 
definition of, 1 
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Upper limbs 
longer & bent 
at elbows 


Fingers 
distinct 


beginning 
af 
fetal 
period 


Face has 
human profile. 


Nate grawth 
of chin 
compared 
ta day 44. 


TIMETABLE OF HUMAN PRENATAL DEVELOPMENT 


44] Stage 18 begins|45) 1; of nose 


distinct 

Toe rays 

oppear 
Ossification 
may begin 


Anal membrane 
perforated 
Urogenital 
membrane 

degenerating. 


Testes and ovaries 
distinguishable. 


Genitalia show 
some 
characteristics 
but still easily 
confused with &. 


Face has human 
appearance. 


7 to 38 weeks 


Loss of villi 


Smooth chorion 
forms. 


External genitalia 
still in sexless state 
but have begun 


to differentiate. 


+ * 
vrogenitol 


fold 


labium 
minus 


urogenital 
membrane » 


anal 
membrane 


genital 
tubercle 


urethral 
groove 


Genitalia show 
fusion of 
urethral folds. 


Urethral groove 
extends 
into phallus. 


Genitalia have 
o .cr & 
characteristics 
but still not 
fully formed. 


Trunk elongating 
and 
straightening 


Beginnings 
of all essential 
external & 
and internal 
structures 
are present. 


phallus 
urogenital 


fold 


fold 


perineum 


urethral 
groove 


scrotum 
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